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De latex waarvan natuurlijk rubber vervaardigd wordt, is een 
complex mate r iaa l dat naast ongeveer 60 % ~at~r en 35 % rubber, 
ook 5 % andere stoffen bevat waaronder proteïnen, amino-zuren, 
en andere organische en niet-organische componen ten. De belang-
rijkste stap in de produktie van rubber, is het zo goed en eco-
nomisch mogelijk drogen van de rubber om hem daarna in "droge 
toestand" voor verdere verwerking ter beschikking te stellen van 
de producenten van rubberprodukten. Alhoewel een groot gedeelte 
van het water kan v e rwijderd worden door stremmen van de lat ex 
en het bv. persen v an het coagulu~ moet nog ongeveer 40 % water 
(betrokken op het droog materiaal) verwijderd worden door 
verschillende droogtechnieken. 
Bij de conv e ntionele methodes, werd het rubberstremsel licht 
geperst om vellen te bekomen, of gesneden in linten of "crepes". 
Voor het drogen werden de vellen in een ast of . een droogtunnel 
geplaatst; de linten werden gedroogd ond er een af dak door natuur-
lijke ventilatie. De droogtemper atur en werden laag gehouden 
(30-60°C) om de vorm en het uitzicht van het materiaal te b ehou-
den en het week worden van de rubber te vermijden. De totale 
droogtijd bij deze conventionele methodes varieerde tussen 4 en 
15 dagen. De groeiende nadruk die de rubberverwerkende nijver-
heid legde op betere technische eigenschappen van de aangevoerde 
natuurlijke rubber, was voor de rubberproducenten een uitdaging. 
Het produceren van blokken rubber, in plaat s van de gebruike-
lijke vellen (sheets) en "crepes", werd als een geschikte oplos-
sing beschouwd voor het probleem dat de industrie stelde. Dit 
vereiste dat de rubber tot korrelvorm werd gebracht zodat hij, 
enerzijds gemakkelijk verhandeld en gereinigd kon worden, . en 
anderzijds met een effectieve techniek gedroogd kon worden door 
gebruik te maken van de sterk toegenomen effectieve oppervlakte 
wat de droogtijd drastisch verkortte nl. enkele uren i.p.v. en-
kele dagen . 
Het eerste doel werd verwe~e ~lij~t doo r de introductie .van ver-
(vii) 
b ri jzelde ( "co mminuted ") rubber, dat mechanisch bekomen wordt door 
het str emse l (coagulum) te snijden e n de introductie van " Hevea-
crumb ", dit is stremsel d at met me c hanisch- chemi s che middelen ver -
kruimeld wordt . Het tweede doel, nl. een efficiënte droging , 
wordt in d it proefwerk behandeld. 
Uitvoerig on derzoek w~rd uitgevoerd om· vast te stellen welke de 
meest geschikte droogtechniek en de o ptimale voorwa arden zijn, 
waarb i j rubber in verschillende korrelvormen ge droogd kon worden. 
Steunend op dit onderzo ek, werden pr oef- en in dustr iël e droogin-
stallaties ontwikkeld. 
(viii) 
HET DROGEN VAN NATUURRUBBER IN KORR ELI GE VORM 
Dwars-stroom droging van dikke lagen - On d erzo e k 
Door drogen in dwarsstroom van dikke lagen was het moge l ijk na-
tuurrubber in korrelige vorm te drogen in ongeveer vier uur bij 
Joo•c , een belangrijke vooruitgang bij het drogen van natuurrub-
ber. 
Er werd vastgesteld dat de droogkar akt erist ieke n van zowel 
"comminuted" rubb e r als Heveacrurob rubber, dezelfde zijn. Zij kun-
nen ve r dee l d wor d en in twee fasen, de "constant rate" fase en de 
"fall ing rate" fa s e, of de fasen met constante droog~nelheid en 
dalende droogsnelhei d. Het vochtgehalte bij overg ang van de ene 
fase naar de an4ere, wordt hier kritisch vochtgehalte genoemd en 
bedr aagt ongeveer 10 7.. Heveacrurob rubber droogde over he t alge-
meen vl u gger dan "comminuted'' r ubb er , terwijl dit laatste de nei-
ging had meer samen te koeken. Er waren moeilijkheden bij het 
doorgedreven drogen van "comminuted" rubber dat ter plaatse ge-
stremd was : dit is te wijten aan de lagere porositeit en de vor-
ming van een ondoordringbare oppervlakte-laag gedurende he dro-
gen. Dit nadeel en de mogelijkheid dat Heveacrurob vlug overgeno-
men wordt voor commerciële toepassi n g in Maleisië, leidde ertoe 
vooral de droogkarakteristieken van Heveacrurob te bestuderen. 
De i nvloed van ve~schillende omstandigheden bij het stremmen, 
zoals de droge stof-inhoud en de pH, en de ouderdom van het strem-
sel, op de droogkarakteristi~ken van Heveacrurob was onbela~grijk. 
Wijzigingen in de droogparameters hadden wel invloed op de drpog-
snelheid en de droogtijd, maar niet op de al gemene droogkarakte-
ristieken. Gedurende de constant r~te periode veranderde de 
droogsnelheid evenredi~ met de dropgpoteptiaal, exponentieel met 
de doorgeblazen luchthoeveelheden, en omgekeerde evenredig met de 
massa te drogen stof. De invloed van deze f ac toren op de droog-
snelheid werd sawepgev~~ in een empirisc h e formule die gRe4 b~ijkt 
overeen te stemmen met de qitdrukking die gewoonlijk gevonden 
(i x) 
wordt bij het drogen van kor r elvormi g materiaal met dwarsstroom 
drooglucht. Dit wijst erop dat gedurende de constant rate het 
massa transport beh eerst wordt door de vcrdamping aan he t opper-
vlak (gas film mass transfer). D~ dëoogtijd bij de falling r ate 
wordt bepaald do6r diffusie verschijn sel en. De te drog e n massa 
en de hoeveelheid drooglucht hebben geen bed ui den de invl oed op 
de d roogt i jd geduren de d eze periode. 
Bij de gegeven onderzoeksomsta nd ighe d en kan geen i nvloed vast-
gesteld worden van de aanwezigheid van r ecinu s-oli e op het opp er-
vlak van d e Heveacrumb. 
melen van de rubber. 
Beverolie worrit ge bru ik bij het verkrui-
De invloed van verschillende faktoren di e de droegt ijd van 
Heveacrurob beïnvloeden , we rden same-n geb.racht in een "nomogram" 
om een vl u gge schatting va n de droogtijd in verschillende omstan-
digheden toe t e laten. 
De belangrijke rubbereig e nschappen werden niet nadelig beÏnvloed 
door de verschillende droogvoorwaarden d~e bestudeerd en toegepast 
werden op Heveacrurnb; er werd nochtans vastgesteld dat de maximale 
toegelaten temperatuur 120"C bedroeg. 
Proefopstelling en industriile ontwikkeling. 
Steunend op de resultaten van het onderzoek, werd een experi-
mentele droger gebouwd , met de bedoeling de invloed te onderzoe-
ken van de recirculatie van de drooglucht, van de verandering van 
stroomrichting van de lucht en met de bedoeling een ekonomische 
evaluatie te maken .van de verschillende ~ogelijkheden. De capaci-
teit van de drogers, met een laagdikte uan 30,5 cm aan rubber, 
was ongeveer 135 kg per lading. 
Bij een neerwaartse luchtstroo-tn-'"itan wo.rden vastgesteld dat het 
effect van uitdruipen, speciaal gënurende de constant rate periode, 
bevorderd werd, waardoor de warmtebehoefte, d·us het brandstofver-
(x) 
bruik, verminderde. Dit wordt toegeschreven aan een mogelijke 
verhoogde uitdruip ing ged ur ende de constant rate periode. Bij 
herhaaldelijk rec irculeren van de lucht wordt verwacht dat d e 
capaciteit van de warmtewis selaars zal afnemen, tengevolge van 
het feit dat d e temp era tuur g radiënt afneemt bij toenemende 
natte bol temperatuur . 
Bij het RRIM werd ook een industriële droger gerealise erd, 
met als hoofbedoeling dat de Maleise rubberproducenten deze 
techniek zouden overnemen en overgaan tot de productie van 
Heveacrurob in hun bedrijven. Deze droogins t allatie had o ok als 
doel de constructeurs te stimuleren en dit principe over te ne-
men en te gebruiken bij de ontwikkeling van hun industriële 
drogers. Bij het ontwerpen werd gebruik gemaakt van de resul-
taten gevonden met de proefopstelling. Beschrijving van de 
droger met constructie details, werking en prestaties worden 
verder in deze studie behandeld. 
Een volledige industriële droger, die achteraf de naam kreeg : 
"RRIM Meertraps kamerdroger" is door verscheidene rubberproduce-
rende firma's van Maleisië aanvaard en geinstaleerd. Alle andere 
drogers die gebruikt worden in Maleisië om rubber in korrelige vorm te 
drogen zijn, alhoewel verschillend in mechanische uitvoering en 
regeling, gebaseerd op hetzelfde systeem en op dezelfde omstandig-
heden als deze die de "RRIM Meertraps kamerdroger" kenmerken. 
Een zestraps-droger, werkend met droogtemperaturen rond 1oo•c 
en een laagdikte van 30,5 cm heeft een uurproduktie van ongeveer 
500 kg Heveacrurob en ongeveer 400 kg ter plaatse gestremd mate-
riaal; de overeenstemmende verbruikscijfers van stookolie en 
energie zijn 0,038 tot 0,044 liter en 26 x 10-1 tot 33 x 10- 1 Kwh 
per kg droge rubber. 
Op dit ogenblik zijn ongeveer 150 dikke-laag dwarsstroomdrogers 
in gebruik in Maleisië. Zij produceren jaarlijks ongeveer 600 000 
ton natuurrubber in korrelige vorm. 
Natural rubber latex is a complex material containing about 35% 
rubber, 6o% water and 5% non-rtilibers, which include proteins, amino acids 
a1Jd variety of inorganic and organic con.stituants. The main criteria of 
the processes involved in the robber producing iJldustry is to remove the 
water phase of the latex, as effecti-vely ruJd economically as possible , 
and present the raw rubber in 'dry form' for further processing at the 
rubber goods manufacturing irdustry. Although a good proportion of the 
water can be removed by coagulation of latex and mechanica! squeezing 
of coagulum etc., around 40% water (on dry basis) remain.s to be 'dried' 
by various drying techniques. 
For conventi onal grades, where the rubber coagulum was either 
lightly machined into 'sheets 1 OT" sheared into thin laces or 'crepes 1 , the 
drying was conducted by banging the sheets ei ther in a smoke house or in 
a hot air drying tunnel and the crepes using natural ventilation drying 
shed etc. The drring temperatures were kept low ( '.J;Pc - 6o°C) in order 
to retain the physical shape and appearance and to avoid softening of 
rubber etc. The total drying time of conventional grades varied from 
4 - 15 days. 
The growing eropbasis b y the rubber manufacturing industry on 
improved presentation of natural rubber on technical properties has created 
a challenge for the rubber producers. The concept of 1block rubbers' 
instead of conventional 'sheet' and 'crepe' rubbers was envisaged as an 
appropriate solution to the problem faced by the industry. This required 
preparatien of rubber in ' particulate 1 forms :i>r easy hancUing and cleaning 
etc and an effective drying technique to make use of the highly increased 
surface area and to reduce the total drying t ime drastically. ie: few 
hours instead of few days. 
The object one was satisfied by the introduetion of 'comminuted' 
a mechanically cut coagulum ruJd 'Heveacrumb' - Coagulum Crurobled by a 
mechano chemical process - rubbers. The object two forms the main theme 
of this thesis. 
Extensive investigations were carried out to fird the most suitable 
drying technique and condition.s for drying of natural rubber in different 
particulate forms. Based on research findings, pilot ruJd oommerci al se ale 
development of driers were also carried out, 
(xii) 
~ of Nat ural Rubbe r in Parti cul ate Farm 
Dee p-Bed Through Circulation Dr :z:ing - Rese«rch 
Deep-bed t h rough circulation dry:..ng system has made i t pos sible 
to d r y natural rubber in particul ate fa rm in about fou r hou r s a t 100°C -
a ma jor advance in the drying of natural rubber. 
The drying ch tfacteris tics of bath commi nuted and Heveacrurob 
~~e d " t " t rubber s were f ound t o b e;:_ same and take place ln two J. S J. nc s tage s , constant 
r ate and falling r ate and t he criti ca! moisture conten t lie i n t he region of 
lQ%. Heve acrurob rubbers were i n gene ral found to dry fas t er t han conuninuted 
1~bers and the l atter tend to ' compact' more during drying. Diffi culties 
were experienced i n satisfact ory d rying of comminuted fie l d coagula material, 
andthese xe .attributed t e t heir pos s i ble low porosi ty and deve lopment of 
impe~nous s urface during drying. Thi s drawback and the potentlal o~ 
'Heveacrumb' being adopted readily for commerci al product ion in Malaysia, have 
led to concentrate mostly on the drying character istics of Heveacrurob rubbers 
in this study. 
The effect of varying the coagul ation conditions, such as d.r.c., 
pH of coagulation a.'"ld mat urity of coagulum etc ., on drying characteristics of 
Heveacrurob rubber was found to be insignifi cant . Changes in the external 
variables were found to effect the rate of drying ar.d drying time etc., but 
not the general drying characteristics. During the constant rate period, the 
rate of drying was found to vary directly with the humidity gradient, 
exponentially with the air mass velocity and inversely with the rate of 
loading. The combined effect of these vari abl es on the drying rate is related 
by an empirica! equation , which is also found to be in f ai r agreement .with 
the relationship generally obtained for dryi ng granular solids by through-
air circulation drying, confirming the theory that g~~ f~lm mass transfer 
is the cantrolling mechanism in the constant ; r~te drying period. The ~drying 
time during t he falling rate period was found to be controlled · by 'acti~ated 
diffusion mechanism. The ra te of loading and the air veloei ty ·were foUnd " 
to have no significant effect on the falling rate drying time. 
(xiii) 
Within the rang~ studied, no significant effect was found by 
the presence of the crumbling agent - castor oil - on the surface of 
Heveacrumb particles on the drying characteristics. 
The combined effect of the external variables on the total drying 
t i me of Heveacrumb rubbers have been corre1nted ar.d results obtaiDed arP. 
given as a •nomograph' for quick reference and estimation of drying time 
under varying drying condi ti.ons. 
Heveacrurob rubbers exposed to various conditi ons of through-air 
circulahon drying, within the range studied, did not show any adverse effect 
on important raw rubber properties; However the maximi.IDI saf~ temperature was 
found to be around 120°C • 
Deep-Bed Through circulation Drying - Pi lot and Commercial Scale Development 
A pilot scale drier, specially designed based on the outcome of 
the research findings, was used to study the effect of recirculation of 
drying air, changes in the direction of air flow and economics of drying 
etc. The capacity of the drier at 3J,S cm loading depth was approximately 
135 Kg. per batch. 
Downward air flow was found to increase the effect of 'syneresia' 
especially during the constant rate period, with consequent reduction in 
heat {fuel) consumption. Increasing the percentage relative humidity of 
the circulating air was found to increase the total drying time and slightly 
reduce the heat {fuel) consumption; the latter is attributed to the possible 
increased 'syneresis' during the constant rate period. Increased recirculation 
of air is also expected to reduce the total capacity o1 the heaters used- due 
to reduced temperature gradient wi th increased wet bulb temperature, 
A commercial scale drier was also developed at the RRIM, mainly 
as an exhibit for the Malaysian rubber producers to follow and adopt 
manufacturing of Heveacrumb rubber in their factories and the equipment {drier) 
manufactures to adopt and introduce their own versions for couunercial usage. 
The design criteria used was based on the conclusions of tbe pilot scale 
studiés. Description and construction details of the drier, operatien 
procedures and perfoTillance data are detailed in the study. 
(xiv) 
A fully developed commercial drier, which has subsequently been called 
as 'RRIM - Multistage Chamber Drie r' has been adopted and installed in rnany 
rubber producing factorles in Malaysia. ~ other types of driers used :for 
drying particulate natural rubber in Malaysi a, although different in their 
mechanica! construction, handling etc., arebasedon the s i milar system 
and condi ti ons of drying as those used in the • RRIM - Mul ti stage chamber drier' • 
A six-stage drier, werking at a drying temperature of around 100°C 
and 30.5 cm loading depth, would have an hourly output of about 500 kg and 
400 kg for Heveacrurob latex and field coagula material respectively; the 
corresponding fuel and rubber consumptions would be 0.038. to 0.044li tres 
diesolene and 2.6 x 10-3 to 33 x 10-3 KwH per Kg. dry rubber. 
At present there are about 150 deep-bed through air circulation 
driers in operatien in Malaysia and are used for drying approx 6oo,ooo 
tonnes of natural rubber in particulate form annually. 
(xv) 
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1.1 .1. Gener<! l 
Natura l rut:ber is ebt ai ned from latex, a milky "fhi te 
colloj de l juice, whi ch ex udes whc n pWlc tured from t he b ark of 
t he r>1bber tree, helenging t o the botanic al specie :; Hevea 
brasiliensis; a native of the Amazon basin. It is now widely 
cultivated in the tropics, more favourably in the region of about 15° 
latitude on e i ther side of the equator, The trees are 'tapped'-
a cui; made to a de pth of about 1 mm f rom t he cambium layer - in the 
e arly morning hours and the latex col l ec t ed from the spec ially 
designed cups about 3 - 4 hours after t apping. Tappers collect 
the latex from every t r ee in a bucket and bring i t to a receiving 
stati on or to the factory directl y for processing. 
Hevea latex is a complex mat erial containing about '!iJ% 
-35% rubber, 60%-65% water and 5% non-rubbers. The latter consist 
of proteins, amino acids, lipids, quebrachit ol and a variety of 
inorganic and organic consti tuents. (Cca<. & SEKHAR 1953; AICHER & 
SEKHAR 1955; SOOTHERN 1960; DICKENSON 1965). The main cri te ria of 
latex processing is to remave the water ar~ preduce natural rubber 
in a 'dry' form for export purposes, as a raw material for 
manufacturing ir~ustry. The early processing of latex was very 
much an experimental affair. 1bere were many possibilities and 
numerous methods were therefore evolved. 
1.1.2. Processing and Presentation 
Coagulation of latex is four~ to be a very effective way 
for removing most of the water present in the latex. In coagulation 
a few lumps of polymer rapidly separate from the latex and remain 
suspended in a meditDII , which is correspondingly depleted of pol}'"lller. 
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The coagulurn i tself contains a network of coagulated polymer particles, 
tagether with a variable amount of entrapped serum. The mechanism of 
coagulations have been explored in some detail by VAN DEN TEMPEL (1952), 
Coagulation of latex ca."l be done in a variety of ways. Thi.!l includes 
auto-coagulat~on, a.ssis ted biologica} coagulation ( WENTWORTil (1940); 
RRTh1 (1946): M::MUI.LEN (1951); JOHN (1967), Acid Coagulation, 
surfactant/salt coagulation (John (1971), steam coagulation (JOHN & 
SIN (1974) and heat gelation (CHEONG & LIM (1975) , Among them, acid 
coagulation is the most widely used system, Formic acid is preferred 
over acetic and sulphuric acids for coagulation, acetic a<;id .being a 
weaker acid is found to be uneconomic to use and sulphuric acid is 
fourxlb have adeleterious effect on physical properties of the 
resultant rubber. 
The coagulation of latex is followedl~r a mechanica! de-watering 
stage, where a large proportion of the total water content of the 
coagulurn is removed, This is normal l y done by squeez:i.ng the serurn out 
of the coagulum by pressing i t between lightly grooved rol-Is, -called 
sheeb ng rolls. The wet sheets are then sub jected to drying, smoking 
and. baling before pacldng them for export; smoking is to prevent the 
sheets from mould arxl other mieroblal attack. 
The smoked sheet rubber was by far the most significant 
grade produced from latex on the estates since late 1930s, alt-hough 
beginnings were made too, over the early 1920s , in the export of 
preservP.d latex, ie. in liquid form; this was initially at 'field 
strength' , but was later 1concentrated1 ei ther by evaporation, 
centrifugation or creaming. 
In actdition to the col l ection of latex, the coagulated 
rubbers resulting from spontaneous coagulation of late drippings 
of latex into the receiving 'cups' designated as cuplumps or 'CL', 
and on the latex remaining on the tapping panel, called 'Tree Lace' 
or 'TL' are also collected by the tappers during the next tappirtg 
day. These rubbers, combined wi th poor unsmoked sheets and cruçle 
slabs produced mainly by the smallholders, are classified as 1field 
3 
coagula ma.terial1 o1• _'.scrap-1- rubbers :md are processed dit.ff&:reritly 
from conventional latex gra4es. !fbese rubbers ·arê.· precleaned'"l ei< '' 
before 'crepeing' . thcm into long· thin strips and d r yi.ng: hY bat1gi:hg 
them in natural ve.ntilation drying sheds , 1"ne products obtaiiwd 
are normally exported as 'amber blanket ' or 1brm•n crepe' etc. 
All of these 'conventional' rubbers were graded visually into top 
a."ld low quality rubbers with no relevence to any technica! properties. 
However the growing emph?.sis by the consuming industry on techni.cal 
properties has demanded a new outlook and this challenge was met 
in 1965 by the introduetion of techni cally classified block rubbers. 
The process used for producing block rubbers Ras different from 
that adop'Ced for conventional grades and t·hese are dealt wi th in 
detail in a later cha:pter (Chapter 3) . 
1,2 DRYING 
1.2.1. General 
Drying is the removal of liquid from solids by evaporation. 
To keep drying costs at a minimum, as much of the liquid as possible 
should be removed before the f'inal drying. Drying is usually 
performed in a gas stream which supplics the heat required fo r 
vaporization and at the same time carries the vapeurs out of the 
drier, In certain instances drying is performed on heated surfaces 
while using a gas stream to carry the vapeurs away. Thus dryer 
performance depends prima:rily on factors which control the simulta:neous 
transfer of heat and mass between a liquid (associated with a solid) 
and a gas stream, 




·1 ::.. ,r•· , !:f·'"'r;.rj 
The naturé ~f wat~r held by .solids ~ ~he e~~,~~;thh~~·~fh 
i t can be removed ~'in d~ng depend o~· th~ struct~ral charact~ris1;i_cs 
)' !• ~- :. ., ~ .~ ro· . 1~-r ; ~' - · ~.t<.~, .. . r~ ... ~ 
of the solid; Non-porous änd non-swelling solids wh_ezL'[e!,J;~t~n.," 
water in the form of an external film. Crystalline solids may 
hold water as water of crystallization or the water may be structural. 
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A far more important grottp of hydrated' solids a're t he gels, 
These materials are called gels, sametimes e ven in theiT ·dried state, · 
because they are prepared from their hydrophilic (solvent-loving) sol 
by setti ng t o a gel. The sol-gel transformation may be reversible or 
irrever sible. Natural rubber behaves like reversible dried gels; 
namely, when exposed to a suitable solvent they swell by ini>ibition of 
the solvent and ultirnately disperse in the solvent. This shows that 
in the amorphous solid the molecular chains are in colleidal sizes 
and the cross-lir.ks are easilyruptured, 'bor:b necessary conditions 
for redispersion. Other materials s uch ~s gra ins ,beans and 
vegetable products swell in the presenci'~ ·of a sui table solvent but do 
not disperse, 
When a final dried product is exposed to a liquid of wetting 
properties the gel takes up the liquid to the extent it can hold in 
its pores and capillaries, but no significant swelling is detected, 
This intcrnal phase liqui d is held in the solid by strong surface 
forces, and because of this the internal phase liquids are referred to 
as~ liquids , In contrast, external phase liquids are unbound 
liquida , Bound liquids behave diffe:rently from when they are unbound, 
1 ... 2.3. Phase Equilibria 
Phase equilibra of interest in drying involve directly the 
moisture held by the solid and the humidity of the iremediate 
surroumings , The sclid serves as a carrier, but the structural and 
surface characteristics of the solid detennine how and how much 
moisture is held by the solid, The amount of moisture held at equ-
librium by a given s olid depends on the temperature and the humidity 
of the surroundings. Thus in air drying , the humidity and the 
temperature of the air determine the "equilibrium moisture" co~ent 
of the dried product, Moisture in the solid in excess of the 
' .• -•' ~ • ) ';<! ' ' ; r '• 
equili.bri\im riiJisbire a1ld. to hé . removed by dr}1ng are call~ "fre~ ' . 
,, . , ~-·_.or-. .1 .:. -·~ -{~ •• -~ ~.; 1 • ,..;._.r ·''f · l'_ .. _;l r\. • ... Lo '" 
moisture" ' {Figure .. 1.1)' . ... ' · . 
v:-.'~: .··t·- · (·-•. ~;.ii .. d:j· ... ._ .:.:.") ~.T·· . : ~"' r- '"t.-. :n·t ·~ s.; .1. 
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TYPICAL DRYING CU RVE 
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The equi~ibrium bound moisture content of a gel depends 
on the previous treatment, such as the gel experiences in processing. 
As a result of various treatments the surface characteristics or 
the specific surface of the gel, or both are modified. The bound 
moisture content of a gel decreases wi th aging. The colloidal 
nature of gels changes as a result of progressive flocculation 
(pulling closer) and subsequent fusion of the particles. Also as 
a result of the aging, change in temperature, relaxation of mechanica! 
stresses imposed etc., the moisture binding capacity of the surface 
declines. This overall lose of moisture binding capacity is termed 
1 syneresis 1 • 
1.2.4. Movement of liquids and vapeurs 
Vapour pressure and viscosity are important in drying, 
particularly when the liquid is in the bound state. Vapour pressure 
determines the overall driving force from the liquid to the main body 
of the drying air. Viscosity on the other hand, is important 
because of i ts effect on the internal movement of the liquid. During 
the process of removing the bound liquid by drying, vapour pressure 
decreases and viscosi ty increases, each approaching a value fixed by 
the equilibrium state. Viscosity follows a trend parallel to vapour 
pressure but in the opposite direction. Thus before drying is 
completed, viscosity may increase to a point when the liquid becomes 
immobilized and its movement ceases. In this situation, drying can 
proceed only by the outward diffusion in the form of vapour from 
points of high liquid concentration to points of lower concentration. 
Therefore the drying of beds of materials containing exclusively 
bound liquid is slow. 
Figure 1.2· illustrates a typical drying curve for materials 
containing bound liquid; the curves may be obtained by plotting 
moisture content vs drying time. The slope at a given point gives 
the rate of drying (:~). Therefore the ra te of drying curve may be 
derived as a function of moisture content or time. This curve 
indicate two possible periods of drying: a constant-rate period and 
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a falling-rate period. The moisture content which marks the end 
of the constant-rate period and the beginning of the falli ng r ate 
period is called the critical moisture content of the wet s ample. 
1.2.5. Constant Rate Period 
During this period the rate of drying per unit area of 
exposed surface is essentially the same as the rate of vaporisation 
from a free water surface under identical drying condi ti ons. This 
means that the water vapourises from the material at constant 
temperature and from a fixed plane. The plane of vaporisation is 
the surface exposed to the drying air, and remains fixed as long 
as the surface is uniformly wetted by the movement of water to the 
surface. If the dryer and the tray were adiabatic, the temperature 
would be uniform throughout the sample and would correspond to the 
wet bulb temperature of the air entering the dryer. During the 
constant rate period, water moves to the surface at a rate sufficient 
to keep pace wi th the ra te of vaporization. Therefore the rate of 
drying depends on external factors which influence heat and mass 
transfer. These factors are temperature, humidity and velocity of 
the drying air; heat conducting properties of the tray and of the 
material being dried; and heat transfer by radiation. The effect 
of t hese factors on rate of drying have been investigated extensively, 
and the results concerning the constant rate period may be summarised 
as follows. 
The ra te of drying increases wi th increasing temperature, 
decreasing humidity and increasing velocity of the drying air. 
The rate of drying is increased as a result of additional 
heat transfer by radiation and by heat flow from the walls of the 
tray. 
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1.2.6. Falling rate period 
The drying behaviour of a material during the falling rate 
period may be explained as follows. During the first phase the 
liquid continues to reach the drying surface and keeps a fraction 
at the surface wetted, although at progressively declining rates, 
This phase may be labeled as first falling-rate period. 
The first falling-rate period is completed when the 
liquid movement comes to an end due to the attainment of the immobile 
state. From this point on, drying proceeds entirely from the interior 
of the bed by vaporization of the pendular liquid from numerous 
points. During the second phase of the falling-rate period, the drying 
rateis essentially independentoF the velocity of the drying air, 
The temperature of the drying air influences the rate of drying 
through its effect on vapour pressure and vapour diffusivity. The 
relative importance of the two mechanisms of drying - drying by 
vaporization from the surface and by vaporization from the interior 
of the bed - determines the type of curve which will describe the 
entire falling-rate period. As the liquid is immobile (i.e, during 
the second falling-rate period) drying can proceed only by 
vaporization and molecular diffusion of the vapour formed and when 
the particles are in colloidal sizes, and the liquid is firmly 
bound the entire falling-rate period will be governed by factors which 
control the rate of molecular diffusion, 
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CHAPTER 2 
CONVENfiONAL NATURAL RUBBER 
- TYPES A."'D DRYTNG PRACTICE 
All t)~es of rubbers, except the 'block' rubbers 
introdmoe:l in 1965 , are classified wxl.er ·~onventional' grades of 
natura! rubber. This includes Ribbed Smoked Sheet (R.S.S.) 1 Air 
Dried Sheets (.'\.D.S.), Pale Crepes , Brown Crepes, (thin and thick) , 
Amber Blankets, Flat bark crepes and compo crepes e t c. (Figure 2.1) • 
• .------RUBBER TREE--------.. 
Field Latex Fiel d Coagula 
(Rubbe r Latex collected (Solid rubber obtained 
f rom the tree) hy natural coagulation 
! .. l from the t ree, tree and _ ~ ; earth scrap etc.) 













co aguJ a ti on 








• Smoking and/ Drying or drying ! ~ . 









Flat Bark Crepe 
Amber Blanket, etc. 
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2.1 Latex concentrate 
Manufacture of this grade in Malaysia amounts to approximately 
13 per cent of the total NR pr oduction. Most of the concentrate latices 
are obtained by centrifuging but some 'creamed' and ' evaporated' 
tagether with several other speci alized forms tai lored f or particular 
circumstances are also produced (RRIM 1972). 
Centrifugation separates the lighte r partic les of rubber f rom 
the heavier serum in which they are suspended, by centri fugal force 
equivalent to about 1000 times that of gravity in the rapi dly rotating 
bowl of the machine . The products obtained are latex concentrate and 
skim latex in equal volumes and with about 60% and 6% dry rubber 
content respectively (PIDDLESDEN, 1940). Whilst it i s poss ible, by 
recentrifuging the concentrate, to obtain a hi gher content of some 
67% which donated superior processing properties and r educed cost of 
transport and storage, the technique involved is still being developed 
and not ready for commercial applicati on ( ZACHARIASSEN, Looi et al. 
1972). 
In the typical plant a batt ery of centrifuges is often run 
in three shifts to maximise use of an expensive facility. Field latex 
with adequate preservatives, usually ammonia, is brought to the factory, 
bulked in the reception tanks and stored for a short while to settle 
and remove the sludge formed. It is then centrifuged and the resulting 
concentrate is treated with further preservate, usually ammonia, to 
ensure the maintenance of the liquidi ty of the product during export 
and until the end usage. 
As the manufacture of latex concentrate is basically a liquid 
treatment process, no facilities are required for 'drying'. Hence 
this product is not dealt with any further in this thesis. 
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2.2. Skim Rt:bber 
Skim rubber is the rubber produced from skim latex, which 
is the low dry rubber content fraction separated as a by-product 
in the preparatien of latex concentrate (2.1). In the typical 
process, skim latex is coagulated either spontaneously or by acid 
treatment. A.s most of the annnonia used in the field latex as 
preservative remains in the aqueous phase, during centrifugation, 
the ammonia content of the skim latex is usually high. This interferes 
with the coagJlation either by extending the duration or by increasing 
the acid required for the spontaneous and acid coagulation techniques 
respectively. De-anunoniation of the skim latex prior to coagulation 
is therefore necessary. This is done either by using vertically 
rotating paddles in an open storage tank or by using a counter current 
desorption colmnn (SETHU 1972 and SETHU et .a1.1973) . 
The coagulum is then processed into 'blankets' by using 
0~ 
a series of crepeing machines consisting,.:,_Pairs of power driven rolls, 
each of whose two memhers (rolls) rotate . at different speeds; the 
latter induces 'shear' on the rubber and assist in forming continuous 
ribbons or crepes. The details of these machines are also dealt with 
in a later paragraph (2.5.1.). 
The drying of skim blankets is done traditionally by banging 
them over special racks in tall and airy buildings, whose windows are 
designed to exclude sunlight, using natural ventilation and at ambient 
temperatures. The drying takes about 15 days depending on the thickness 
of crepe and the atmospheric condi ti ons. Heating of the drying 1 shed 1 
is sametimes provided either by waste heat from boilers, engines etc. 
or by steam pipes located around and at the bottorn of the building. 
Further details of these natura! ventilation driers are given in a 
later chapter (2.4.1.1, and 2.4.1,2,). Skim crepes are also being 
dried using hot air in an air drying tunnel (Details of these driers 
are given in a later chapter, (2.4.1.3,). 
1 2 
Skim coagulation can als o be used f o r producing skim rubber 
in block form. 
The skim r ubbe r, which rotains rnuch higher non-rubbers 
like f atty aci ds, proteins .:u'"ld sugars eh· than norr.1al rubber i s 
marketed in specially l abelled b a tches. This is to avoid possible 
i nter ference of ext1•a non- r ubbers in vulcanizaticn and curing of the 
compounded r ubbe r in manufacturi!~g. HoliCVC l" , me ans of :l.Llprov i ng the 
qual i t y of rubbers produced f rom skim l at ex are being u<.:tive ly 
deve loped. ( ONG, 1.974). 
2.3. Sheet RUbber 
The chie f steps in making sheet rubber, as stated earlier 
(J .1. 2 . )1 are 'coa.gulation', 'milli ng' , 'drying', and b aling and 
detai l s o f t he se processe s are dealt with as fellows : 
2.3.1. Coagulatiun of l atex 
Although coagulation of l atex is possi ble by auto-coagulation, 
assi sted biologica! coagulation, heating and mechanica! agitation etc 
(1.1.2.), coagulation by addition of acid, is by far the most important 
metbod adopted in the manufacture of sheet rubber . I n practice formic 
acid is used predominantly. Sulphuric acid although strenger and much 
cheapcr than :formic is normally avoided due to its adverse effects on 
colour and other raw rubber properties of the sheet rubber. 
Latex arriving at the f actory is sieved thrcugh a stainless 
steel 80 mesh sei ve to remove n aturally accuring dirt and other impuri ties. 
The latex is then bulked i n tanks aild dilut ed to about 15% dry rubber 
content (d.r.c.); this is to ensure b ubble free sheets (BISHOP 1932). 
The diluted latex is then allowed to flow into the coagulation tanks, 
with a capacity of about 2000 litres. The coagulation tanks are usually 
made of alnminiurn/aluminium alloys and are partitioned with removable 
aluminium plates; the latter is designed t o give either separate or 
continuot~ sheets for further processing. 
J 
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, : ,~ .. , . J" D;i.~1;1t~d fontjic .ae:id (5ttrengttJ. apprpx; .;3% w/v): .isi. then•·added· 
•:'·~ . 
to ~~f- l3;te~ . anct,. thor.9u~hly mi~ed, .~f.RJ:e ;i.n,ser$ing the ·. parti.Hoit ~ 
. plates; }he , pH of,. coagulation. is kept. :i,n the region .oL4.5 .,.. s.e. for 
n,ormal product ion. The coagulation is çomplete aft er 6 .. ~ 10 hours , 
although th~ nonna 1 estate practi_ce is to allow the coagulum to 
rnatur~ ove~ight before milling; this is mainly to conduct all 
processjng operations within a day shift. When cornpletely coagulatëd 
the cosgulurn floats in the clear serum. The coagulum is now ready 
for milling. 
2.).2. Milling of Coagulum 
When the coagulation is completed, the partition plates are 
removed from the coagulation tanks and the coagulum is allowed to 
float in the clear serum mixed with the added water: the latter is 
done in order to inhibit enzymic darken ing of the exposed area of the 
coa~1lum. Specially designed aluminium chutes are used for 
tr~ferring the coagulum from the tanks to the milling machine, which 
is designated as 'sheeting battery'. The sheeting battery consistsof 
appropriately adjusted 4 to 5 pairs of rollers arranged in line ahead 
( BISHOP & WILTSHIRE, 1932). The first 3 or 4 pairs are smooth and 
the finalpair is grooved so as to jmprint on each sheet the 'ribs', 
which give the smoked-dried product its name of ribbed smoked sheet 
{R.S.S.). The ribhing (or marking, as sametimes called) of sheets in 
additign to introducing effective dewatering, assists in drying of 
sheets by increasii~g the total surface area exposed. The final 
thic~ess of the ribbed sheet is normally 3 m!n. The skill of 
producing good sheet is in uniform thickness, shape and consistency. 
The milled sheets are now ready for smoking and/or drying. . t • 
•Drying of Sheet: ,· Rilbber :: 
.J .... ) 
2.3.3.1. General 
, ,, ~-~ m~t,}IIIP.o,rt<r,t. step in tJW fl~l;lf,~qtu,re o.f,.:('l.heet. rubber is 





acks. or on mov~~l;_e ~t,r,oJ:J,~ys .. ~q~.\ltec!.sffi- il. ,smok~h,ouse, 
where t~e1 ~u~ber is smok~d ~~ 4.;';'ie,d,. r.jJ.n.~J,J,~aneo~i'i :t i:'fh~ ..r.esultil}lt . 
rubber is called Ribbed Smoked Sheet (R.S.S.) for grading and export 
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purposes. Alternatively the sheets are dried in an air drying tunnel, using 
hot air in a smoke free atmosphere, us ing indirect heat exchangers. These 
rubbers are sold as Air Dried Sheets (A.D.S.). A.D.S. is normally clean 
and light coloured and sametimes class i fied as Pale Amber Unsmoked Sheet 
(PAUS). This is a premium product and used for the manufacture of light 
coloured rubber goods. As seen earlier, the production metbod adopted for 
A.D. S. is very similar to that for R.S .S. except that it is dried in a 
smoke free atmosphere. The maximum temperature of drying and the tot al 
drying time remain the same in both the cases at 60°C and 4 days 
respectively for normal 3 mm thick sheets . The smokehouses are fired with 
rubber wood , normally obtained free of charge from the estates under a 
planned re-planting scheme. The A.D.S. tunnels use oil fired (usually 
diesolene) heat eJtchangers and ci r cula t ing fans. These are dealt with 
in detail in a later paragraph (2.3.3.3.2.). 
2.3.3.2. Drying Characteristics 
The early recognition of the drying char acteristics of sheet 
rubber was by PIDDLESDEN (1936), who found two distinct phases of drying-
a rapid reduction in water content down to about 10% foliowed by very slow 
rate of drying. It was postulated that this second phase was controlled 
by a diffusion mechanism, since the drying time was roughly pr oportional 
to the square of the sheet thickness. Observations, however, showed 
fairly wide variations from the average relationship between thickness 
and drying time. Later G\LE ( 1959) surveyed the influence of various 
factors involved in the drying of sheet rubber. This included dimensions 
of sheet rubber, effect of drying conditions e.g. temperature, humidity 
and air speed on the drying characteristics. His findings and conclusions 
were as follows: 
Relaxation of machining stress increases the thickness and 
water removal reduces it; the overall effect is to produce a dry sheet 
5% thicker than the original wet sheet. 
From the temperature measurements of sheet during the initial 
stage of drying, it was found that the evaporation rate during tl)is stage 
is similar to that applicable f"rom free water surfaces. In the final 
stage of drying diffusion of moisture is the cantrolling factor. 
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Increasing the temperature of drying and decreasing the percentage 
relative htllfidit:y;'·, inéreáaes ·ttie raté oE dryirig!'Jci\ii.:irig tb{~ period. 
· The effect of a:i,.r SPeed in the ·range of -23 ·m/:,.in· (75 ft/~i~) 
122 m/min (400ft/min) appears to be small. 
Further vork by GALE (1961) on drying of sheet rubber bas 
shown that the initial stages of drying where the evaporation rate 
remains constant at fixed drying conditions ends at 15% water content 
(i.e. the first critica! moisture content and the end of the constant 
rate period) and not at 10%, as previously reported (PIDDLESDEN, 19)5). 
Variation in ·sheet thickness bas little effect on the rate of water loss 
above 15% water. 1:ncreasing the air speed generally increases the rate 
of drying but there is a wide scatter of the points. 
For drying of sheet rubber in the falling rate period i.e. 
from 15% to 0.7% water content, GALE (1962) found that activated 
diffusion is the controlling mechanism and produced the following single 
correlation equation for the effect of temperature, relative humidity 






Wh ere g drying time for sheets with thickness t mm, hours 
t average dry sheet thickness, mm 
n index of thickness 
2.5 sheets with thickness equal to 2.5 mm 
C' E/2.':J;J3 R 
0( drti:!!s time at yiven ~RH 
drying time at 25 RH 
and c is derived fran the following equation for 25%"RH and 2.5 liD 
thickness sheet. 
( 1 ) ;. . ·- . 
. c• T + loglOC 
; ...... . 
' ,.\il :~.J - .• •:-::•. {:;: 
= .. drying ' time forsheets wit~ 2.5 'mm t"'lliélmé~~: j hour:s · ..... 
·~· I ~( ;,,~ ·, ,. ' ! ·.·· · 
•', ••• M, 
The average activation energy 
:f. e • 956o 9~i / g;n. mole. 
~ ··~ i 
(E) is founq to. be, 17,200 .BTU/I,b. J!IO!. 
i J .. r. .. . .·:. . . ~ ,_ . 
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2.3.3.3. Driers 
..-,·.· .-. n ' ITt 
The two important types of.. dri~rs, JJS~d f~r -.drying sheet 'I'Ubber, 
as stated earlier, are smokehouse ~d air drying ~1. ·Although tl\eir 
functions and drying temperatux:es remain .sa'l'.e, their -con,structiom and' 
eperation vary widely and these are dealt with as follows: 
2.3.3.3.1. Smokehouses 
The early types of smokehouses, eg. Subur, Devon and RRIM Type A, 
B or C (PIDDLESDEN; 1949) are superceded by _RRIM 1100, RRIM 2200, RRIM 3300 
and RRIM 4000 Types (RUBBER RESEARCH INSTITUTE OF MAI.AYSIA 1964 b). The 
numbers represent their designed capacity per day ie. 1100 pounds (5qo kg) 
dry rubber per day per unit or 2200 pounds (1000 kg) dry rubber: p~r qay 
per unit etc. In practice with proper maintenance and control, the actual 
capacities may be significantly greater tP:an those designated. These 
smokehouses are of single brick and reinforeed . concrete (R.C.) '..frame ~ 
construction. It is fired at the hot end by a wood furnaiee designed to 
deliver a control l ed draught of smoke and hot air through an underground 
flue running along the lengthof the smokehouse. The smoke/ai~mixture 
is drawn by natura! conveetien through openings in the flues situated 
beneath each trolley, and its distr:i.butio.(l is governed by the size of the 
flue openings. The ceilings are kept airtight and the exit air is 
discharge<;l throug)l ·the ventilators provided on the · roof. · Some ~f t her; .. 
design details of RRIM type smokehollses are given in Figures 2.2(A) 
2.2(B). 
The rate of firing of wood and the flue openings settings are 
designed to give about 5~C (135~) an<;l 63°C (145°F) at the cold and hot 
ends respectively; wall mounted mercury-in-steei thermometers are normally 
used for temperature i.ndrcation; ~ ··- . 1 
The troll!)YS ,_used {Figqre J2.~) ~~~· ~~ry,ing sheets through the 
smokehouses during drfing/smokfng are made of mild steel structures 
mounted 2~10~h~';~"~"~'!Pf?ftr1'1ffl~ . ~t;At~e~. t~~ep) ~ FQJ"Ph '1t;)le ,~et!.~ets 
are hung. A duel purpose mild steel baffle plate used above the wheel~. 
, .. ~-;· 1 · · ~: ~ .. ~ ,1 . 1 b·vr- • .,.r · .·lj ·rqr;•!1 ffi.t .u:c:: Tr-;"r.tt::s ~nl::"'!t:J'T.S $1'i.l
1 
is useá fo'r' d:rredtmg-'tft'é c'iriippirijf serliDi (wa"ter} into the s_id._e clf_airis apd 
~ ...... ):\ ~. ;.: 1.\ .. P) \. 1' .. .<~~ . !:Jt i. 
for distributing the smoke/hot air mixture drawn in beneath the trolleys 
uniformly between the sheets. 
\ 1 l } 
' 
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SLIDING FIRE OOOR 
FGURE 2.4 RRIM TYPE 2200 SMOKEI-K)USE FURNACE 
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The furnace (Figure 2.4) consis t s of a t hi n wal l ed unit 
enclosed in an outer case and the heat radiated from t he outside 
surface of the furnace arch is collected by a stream of air which 
passes between it and the case and thence into the smoke house. 
A sheet steel furnace arch is sued which tapers down to fit the 
f lue entrance. The steel arch is not secured in anyway and i t 
s t ands on the floor of the fire box and free to expand and contract, 
The present design is double walled such that cool air is drawn in 
around the outside of the furnace arch. This reduces the furnace 
arch temper ature and acts as a heat insulater, 
In operation the trolleys of wet sheet, after allowing to 
drip outside i n the shade for about two hours, are pushed into the 
' col d ' end of the smoke house and allowed to stay there for the 
predetermined period, before advancing further into the smoke house, 
This period will depend on the output rate, capacity of the trolley 
and the tot al drying time. For the standard trolley with a holding 
capaci ty of approximately 500 kg. dry rubber and a total drying time of 
f our days , at 60°C (140°F), the trolley feeding cycle for different 





Cycle of movement 
One trolley per day 
Two trolleys per day 
Three trolleys per day 
Four trolleys per day 
Under normal working condi tions, the smoke houses consume 
approximately 0.5 kg. of fire wood per kg. of dry rubber, 
2 . 3 .3.3.2. Air-Drying Tunnels 
The air drying tunnels were i ntroduced in Malaysia by 
Woods of Colchester Ltd., England in collaborati on with the Rubber Research 
I nstitute of Malaya in early 1960s. These driers are normally called 
Woods rubber drying tunnel. It consists of Approximately 27 metres long 
brick building in which a circuit of heated air flows through wet rubber 
sheets carried on trolleys. The air moves through the length of the 
t unnel, there being a recirculating duet alongside with a supply port at 
one end and return port at the other. 
{," 
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A damper system provides for mixing fresh air with recirculated 
air and haffles at each end of the tunnel form plenum chambers 
which ensure an even spread of the heated air, A schematic layout 
and a general view is shown in Figures 2,5, 
The tunnels are built in single, double or multiple 
units and each unit has provision for accomodating twelve trolleys 
in line; the trolleys run on rails through the building, Unlike 
the smoke houses, the air drying tunnels are suitably insulated to 
prevent heat losses, 
Similar to smoke houses the tunnel operates also at an 
average temperature of 6o°C (140°F) and the temperature is controlled 
by thermostata. 
Although the tunnel is primarily designed for manufacturing 
air dried sheets (A.D,S,), it can also be used for producing R,S,S, 
by incorporating smoking facilities in the system, Special smoke 
generator is used for this purpose and it introduces smoke into the 
heated air, Oil (diesolene) fired heat exchangers and aerofoil fans 
are used for heating and circulating the air respectively. 
The eperation of the air drying tunnel is similar to that of 
smoke house. The total drying time for 3 mm thick sheets is approx·, 
4 days at an average tempersture of 6o°C and the output of the standard 
tunnel is about 1500 kg, dry 1'\bber per day, ie. equivalent to RRIM 
type 3300 smoke houses. 
The fuel and power consumptions are normally as follows1 
Diesolene fuel 1 0,17 litre/kg. dry rubber 
Power (Electrical) 0,053 KWH per k"g. dry rubber, 
The main advantages of air drying tunnels over smokehouses 
include consistency in drying ti~~ uniformi ty of drying and production 
of a lightcolouned product, which/normally soldon premium over R.s.s. 
grades, However with the increase in cost ~e diesolene fuel 1 there 
is a tendency in Malaysia to revert back tol smoke house, wherever possible, 
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2.3.4. Grading 
The dried sheets are off loaded onto a table and stacked 
ready for visual grading. The latter is done either by placing the 
sheet on a light box or by holding it against the light. The 
grader cuts out all visible particles of dirt, wet or damp patches, 
bubbles and blisters , leaving the main bulk of sheets for further 
grading according to overall colour and uniformi ty etc. 
2.3.5. Packing 
Both R.s.s. and A.D.S. rubbers are screw pressed in 
wc.oden baling boxes of about 0.14 cu. meters (5 cu. feet) capacity 
amounting to between a minimum of 101 kg (224 pound) and a maximum 
113 kg. (250 pound) weight. Same sheets are used for wrapping the 
bales. The bales are then coated with bale coating solution and the 
'b are back' bales are stacked between wooden planks on a wooden 
platform for storage pending shipment. 
2 .4. Pale Crepe 
As illustrated in Figure 2.1, Pale crepes are also 
produced from latex rubber. This is normally produced by removing 
the yellow carotenoid colouring matter, naturally present in the 
latex, coagulat ing the bleached latex with acid and milling the coagulum 
to produce crepes of various t hickness. Depending on t he final thickness 
and colour of the dried crepes, the products are called Thin, White 
and Pale c repes and Thick Pale Crepes etc. Sole crepe, which is used 
in the Shoe industry, i s manufactured by laminating several layers of 
pale crepe by taking advantage of the natural tack of the rubber 
(MORRIS 1964). The final thickness of the milled crepe before drying 
is in t he region of 1 mm, and this is achieved by using smooth rolls 
at the finishing stage of milling. 
2.4 .1. Drying of Pale Crepe 
Drying of Pale crepe is done at low temperatures, below .32°C 
(90°F) in order not to cause tackiness to develop and affect the colour. 
Natural ventilation drying sheds, heat assisted drying sheds and air 
drying tunnels are used for drying. 
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2 . 4.1.1. Natura! Ventilation Drying Sheds 
These consist of large tin sheds with tall roof and 
provision for two to three tier hanging of crepes. (Figure 2.6). The 
crepes are hung from beroties and allowed to drip and dry by natura! 
ventilation. The heat capacity of the shed, full of crepe, is high 
and a temperature approaching midday ambient is maintained day and 
night. To avoid mould attack on crepes, due to high humidity and the 
still conditions likely to -prevail in these driers, special shutters 
provided on the sides and the roof for ventilation are kept fully open. 
During normal weather co ooi tions, thin Pale Crepes take 
about 10 days to dry, but the range is from 8 to 15 days for 'single 
hang' crepe. Based on experience in Sri Lanka, double banging of 
Pale Crepe is possible, provided the t>tal drying time does not exceed 
about 12 days. The double hanging is done by spooling the output of 
two finishing rolls into one lot and hanging them together on beroties. 
Although these driers are commonly used for drying crepes, 
their usual drawbacks include the following: 
2.4 .1.2. 
poor ventilation 
over heating near the roof 
entry of rain water into the shed through roof vents etc. 
condensation of water especially at night, when the 
percentage relative humidity of the ambient air is 
very high etc. 
Heat Assisted Drying Sheds 
These in construction and operation are exactly similar to that 
of nat ura! ventilation type except that it has provision for heating the 
air entering the shed. Either hot water pipes installed at the bottorn 
of the shed or a proper heat exchanger with air recirculation system c an 
be used for this purpose. In the latter system hot air is withdrawn from 
below the roof of the dryi ng shed, heated and distributed through ducting 
on the floor of the drying shed before passing up through the crepes. 
Drying for Pale Crepe in these driers .take about 6 days at 32°C (90°F) 
for s ingl e hang and increases to about 9 days with double hang; the 
latter increases the output rate by about JJ%. 
2 6 
FIGLRE 2.6 NATIJW. VENTLATION ORYING SHED 
2.4.1.3. 
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Crepe - Air Drying Tunnels 
The drier similar in principle, construction and operation 
to that of sheet- air drying tunnels (2.3.3.3.2.) can also be used 
for drying Pale Crepe, provided the necessary adjustments are made 
for drying temperature and arrangement of beroties for banging crepes 
etc. Drying of Pale crepes take about 6 days at 32°C (90°F). 
The main advantage of this drier is the saving in manual 
labour for handling and banging crepes etc and the main disadvantage 
is its high costs of operation and maintenance. 
2.4.2. Packing 
The bales, which weighs between 73 kg (16o Lbs) to 102 Kg 
(224 Lbs) are wrapped on all sides and corners with equal or higher 
quality Pale or White crepe. Multiple plies are used for the wrapper 
sheets. To prevent adhesion of the bales in transit, the outside 
surface of the wrappers are either heavily powdered or painted with 
one coat of the bale coating paint. 
2.5 Brown Crepe 
As stated earlier (1.1.2.) Brown crepes are obtained from 
field coagula material i.e. cuplump, and tree lace etc. These are 
normally classified as 1X, 2X and 3X Brown crepes etc depending on the 
percentage of tree lace in the raw material mix. The presence of tree 
lace adversely affects the heat ageing and dynamic properties of the 
vulcanisates and hence their inclusion is considered down 
grading of the rubber. 1X Brown crepe contains no tree lace, and in 
general it is equivalent to R.S.S. in properties. 
2.5.1. Crepe Processing Technique 
Conventional methods for the production of crepe rubber are 
designed for dirt remaval and blending of the different sourees of 
rubber received. The common method is to employ a series of two roll 
power wash mills, crepers, with a plentyful supply of clean or 
recirculated water. The rubber is extensively broken down to a soft 
workable mass, which can be successively cleaned and· ëended until it 




FJGURE 2.7 CREPER 
... 
29 
The ereper or crepeing mill (Figure 2. 7) consists of à pair 
of hardened steel rolls revolving at friction ratios ie at different 
speeds to effect 'shear• on the rubber; the front roll is housed in 
a sliding beartng for various nip pressure adjustment. The roll 
surfaces are grooved , usually in a diar.tond pattern 1 in order to 
il~creaRe the grip and to assist in shearing of rubber during crepeing. 
The groeve pattem Gize is gradually reduced along the line of crepers, 
until the l ast creper, which bas smooth rolls, while t he friction 
r atios increase and the nip sizes reduce for effective crepeing . 
Blending of rubber and preeleuning are continued from one 
ereper to the next. 
The modes of energy utilisation throughout the crepeing 
process are , incrcasingly high degrees of shear and compression, 
tagether with some tension. The battery of erepers 111ay be positioned in 
ei ther 'line ahead' (Figure 2.8) or 1in line\ arrangement (Figure 2.9). 
z.s.z. Drying of Crepe s 
Drying of Brown crepes is carr ied out in driers similar to 
those described for Pale crepes . ie. Natural ventilation Drying shed, 
Heat Assisted Drying Sheds and Crepe- Air Drying Tunnels. 
Crepe, which usually comes off the erepers in approx 10 
meters length is either rolled or folded into bundles for lifting into 
driers. In the drier it is hung from stout bereties and allowed to 
drip and dry. Drying of thin Brown crepes takesabout 10 days at ambient 
temperature and about 7 days at 32°C ( go°F). 
When the crepe is visually dry, which is normal ly found to be 
less than 1% moisture (on bone dry basis), it is dropped to the floor 
and removed to the packing shed. 
···. 
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FIG~ 2. 8 CREPER LINE-A - l-EAD ARRANGEMENT 
FIGl.RE 2·9 CREPER IN-LINE ARRANGEMENT 
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2.5.3. Packing 
The c;repes are baled to a maximlD!I weight of about 100-115 
Kg (minimum weight = 72 - 92 Kg) per 0.14 m3 (5 ft3) outs:j.de 
dimension. 
2 .6. Amber Blanket (Thick) Crepes 
This type includes wet slab, unsmoked sheets, lump and other 
high grade scrap. Tree bark scrap, i f used is precleaned to separate 
the rubber from the bark. The souree of the above raw materials are as 
follows: 
wet slabs are latex grade rubber from various sourees 
and includes that deri ved from Nashings, latex buckets, 
rubber collected from sieves, skimmings from the s urface 
of the coagulating tanks and large lumps of accidentally 
precoagulated rubber from field coll~ction stations and 
lorry tanks etc. 
unsmoked sheets is brought in exclusively by those small 
bolders, who for some reason or other are not in a 
position to smoke and dry their wet sheets. 
The production procedure, drying and packing etc of this grade 
are similar to those described under Brown crepes, as they only differ 
in thickness. 
2. 7. Compo Crepes 
In quali ty an:1 consti tution compo crepes are similar to the 
Amber blanket crepes with the exception that R.S.S. cuttings are blended 
wi th lumps and wet slab, ins te ad of unsmoked sheets; Production 
techniques and packing are also same as those of Amber blankets. 
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2.8. Flat Bark Crepes 
These include all types of scrap natura! rubber in 
W1compc)\mded form including earth se rap, wbich is collected from tlle 
latex drippings around the tree. The y are graded as Standani and 
Hard crepes. 
Flat Bark Crepe takes twice as long ( about 14 days) to dry 
than thi n Brown Crepe ( 7 days) at 32°C { 9<FF). Such a long drying 
time requires the provision of exceptionally large sheds to hold the 
rubber during drying. 
2.9. Drying characteristics of crepe rubber 
No systematic study bas so far been undertaken to find the 
drying characteristics of any type of crepe rubber. It is however 
believed that they are sirrálar to the major characteristics of sheet 
rubber, except that they are much thinner than sheets giving rise 
to the possibility of ambient temperature drying. 
Increase in drying temperature tenà; .to scften the crepe 
and induce 'flow 1 of rubber due to i ts own weight stress acting on 
the hanger li~~ and eventual falling of crepes off the hangers to the 
floor. As holding or supporting the crepes in any other way in the driers 
is not practicable, no attempt bas so far been made to dry the crepes 
at temperatures higher than .38°C {100°F), 
NEW FORMS OF NATURAL RUBBER 
TYPES AND PRODUCTION METHODS 
3.1 General 
The need for rnodernisation in the natural rubber producin.g 
il\dustry stenuned fundamentally from the compatitive pressures that 
were appliecl by the syntheb c rubber ir.dustry md scientific progress 
in rubber consumption technology . The visual gr;;ding systeM, 
introduced initially by the Rubber Manufacturers' Association, New 
York. in 1929 and upgraded in 1969 (THE GREEN Boa<, 1969 ) , did not 
describe most properties oi interest to the customer and also led 
to ·the presentation of hctrogeneous materials wi thin one grade. 
Presentation and marketing of natural rubber on i ts t echnica! rneri ts 
rather thar, i ts metbod of preparatien and visual appearance was 
considered for many years. Notable among the proposals were those of 
the Malaysian Rubber Research and Development Board in early 1950s 
of a scherne of "Technica! Classification" . Under this scherne, information 
was provided about certain technica! properties of existing grades , 
especially their behaviour in curing or vulcanisation (RRIM 1958). The 
scheme, however, never became very popular because the infoi'I!Iation 
supplied did not cover a stûficient range of properties and further 
mul tipHeation of grades by introduetion of red, yellow and blue 
circles on all existing green book types. 
ThePe were three main possibili ties open :Cor the improvement 
of natura! rubber presentation and marketing. These were : 
to simplify the visual grading system 
or t o combine technica! specif ications with a visual system 
or to institute an outright system of technica! 
speçifica.tions. 
The first course was rejected as both too li!nlted and too 
hard to implernent. The secend course had already proyeq unpopular and 
would perpetuate many difficulties in the existing sy~t~~· The third 
course was undoubtedly the best uit1mate solution. In order to 
implement the third cours e widely i t became necessary to ere a te ~ 
forrns of rubber to fit the new specifications. Such rubbers were in 
fact developed during the early 1960s as described below. 
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3.2. The New Fonns of Natural Rubber. 
Having removed the constraints of visual grading, the rubbers 
need no longer be processed as sheets or crepes. The obvious choice, 
well suited for presentation of natural rubber in 'blocks ' was to 
produce the rubber in particulate fonn. This was first attempted in 
Vietnam and Ivory Coast of Africa in 1962 (GYSS AND FLEUROT, 1969) and 
later developed into commercial production in Malaysia in 1965 (SEKHAR, 
et.al. 1965). 
The re al break through from traditional approaches was in 
the final si ze reduction of rubber coagulum into small 1 granules 1 .or 
1crumbs 1 • This can be divided into the following five major groups: 
(i) Comminution, ie. cutting by a sharp knife device. 
(ii) Crumbling, ie. partiele production by shearing 
(iii) 
on mill rolls (crepers) in the 
presence of a non-compatible oil or 
other additive; 
Hammermilling, ie. partiele production by cutting/ 
shearing in a mill provided with 
rapidly rotating ~ hammers -
with or without the presence of a 
non-compati ble oil. 
(iv) Pelletisation/ 
(v) 
Extrusion, ie. an extruded stream of strands with 
Shredding, 
or without chopping into pellets. 
ie. shearing and cutting by a grooved 
mill roll arrangement. 
The particulate rubbers produced from the above groups are 
classified as follows: 
Comminuted Rubber. This consists of all particulate 
rubbers produced by using a granulator or comminuter 
with sharp rotating knives. 
35 
'Heveacrumb' Rubber, This represents the particulate 
rubbers produced by the RRIM patented process { SEXHAR & CHIN 1964) 
using a crumbling machine and mechano-chemical crumbling 
process. Hammermilled , extruded and shredded materials 
using their respective machineries are normally classified 
as 'comminuted 1 and 'Heveacrumb 1 rubbers de pending on their 
production either without or with the addition of non-
compatible oils or chemieals respectively. 
However all 1commwlited" rubbers used in this study were 
produced by using a granulator with sharp rotating knives and all 
1Heveacrumb 1 rubbers by the RRIM process only. 
In addition all rubbers obtained from coagulation of whole 
latex (field latex) are des ignated as ~ and all rubbers originated 
from field coagula material ie. cuplumps and tree lace as ·~ 
3.3. Comminuted rubber 
3.3.1. General 
The chief steps involved in the manufacture of comminuted 
WL are latex reception, bulking and coagulation, size reduction, drying 
and baling, and for comminuted CL, reception, pre-cleaning, pre-crepeing 
size reduction, drying and baling, 
Initially the equipnent and machinery then in use at the 
factories producing conventional grades were utilised as much as possible 
for manufacture of new forms of rubbers, mainly as an interim measure. 
However, when the output of these rubbers increased several fold, specific 
machineries and equipnent were installed for this purpose, 
3.3.2. Reception and Coagulation of Latex 
Latex from field colleetie n stations is received in the 
factory and bulked in large ahDTiinium or tiled concrete tanks; this 
is to homogenise the latices rcceived from vari.ous fields and 
collecting stations and achleve consistency in the end product. 
Provision is also made -for efficient mixing by slow speed, long paddle 
type stirrers, which are used for mixing the latex and added chemicals, 
if any. 
The blended latex is then discharged into coagulation 
receptacles and mixed wi th acid , mainly formic acid. The pH of 
coagulation normally varies between 4.8 to 5.2; conventional aluminium 
coagulaticn tanks with parti tions, used for the manufach1re of sheet 
rubber (2.3.1.), are utilised for coagulation purposes. The procedure 
up to formation of coagulated slabs or continuous ribbon of coagulum 
is similar to that of sheet rubber except, the dry rubber content 
(d,r.c.) of the latex is maintained at field d.r.c. ie. no dilution of 
latex. 
3.3.3. Reception and Blending of field coagula material 
The field coagula material ie. cuplurnp, tree lace, and wet 
slabs etc. received in the factory is blended initially by careful 
selections from various lots to form a 'batch' for further processing. 
Depending on the nature of the raw material received , pre-cutting or 
pre-si ze reduc tions are carried out, befere pre-cle aning and crepeing. 
When pre-size reductions are carried out, the output crumbs/granules 
are received in a circular blendi ng tank filled with water for dirt 
removal and further blenrling. Crepeing is normally carried out in a 
battery of crepers, similar to that employed fcr Thick Brown Crepe 
manufacture (2.5 .1 . ) . 
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Size Reduction 
Preparatien of feed to the size reduction machinery inoiude 
either slicing of the coagul~~ into strips or lightly milling the 
coagulum an.i cutting the crepe rubber into short lengths etc. The size 
reduction equipment for producticn of communi ted rubber consists of a 
mechanica! cutter, i.e. granulator, which uses sharp rotating knife edges for 
cutting feed in.to fine grannles (LAMBIE, 1964). 
The granulators (Figure 3.1) comprise a rotor, where usually 
3 to 5 kni ves are mounted, a cutting chamber where 2 fixed kni ves are 
mounted horizontally and a screen fitted at the lower half of the 
cutting chamber. The principle of this machine is to present the f eed 
material at the clearance between the fixed and the rotating knives and thereby 
cut them into granules at random. The screen beneath the cutting chamber 
allows the pre-determined size of the materials to pass through and the 
rest are returned to the system for further granulation. This action is 
repeated until all the feed material is granulated ~~ discharged. The 
granulators are dri ven by ei ther direct or belt dri ven motors varying 
from 10-40 H.P. and the speed of knife rotatien varies from 900 to 1500 
r.p.m. 
Drying 
The drying of the particulate rubber received from the 
granulators can then be achieved in different ways and these are dealt 
with in the next chapter. 
3.3.6. Baling 
Hydraulic presses with either manual or automatic time 
setting and mechanica! screw presses are widely used for compacting 
the dry granules into a block form. Block rubbers, wrapped in poiythene, 
are packed in standard pallets for easy handling and shipment. The 
size of bales (637 mm x 330 mm) and their weight (33.3 kg) are selected 
to sui t consumer requirernents ie. direct feeding into Banbury or Intermix 















-· FIGI.RE 3.3 CRUteLER, STAIRtASE TVPE 
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3.4. 'Heveaci'I.Illlb' Rubber 
3.4.1. General 
The name 'Hevea Crumb' was christened to the rubbers produced 
by the mechano-chernical crurnbling process, patented by SEKHAR AND CHIN 
(1964) and developed into commercial production by SEKHAR et.al. (1965). 
This process reduces latex coagula and field coagula material into the 
fine granules or crumbs facilitating dryi ng and compacting within a 
short time. The process operatea on the following principles: 
During nonnal crepeing operations, at the nip of the crepeing 
mill shear farces are applied, due to different roll speeds, to the 
coagulum or crepe which tears or breaks them up. The adhesion or 
natural tack of the rubber surfaces then normally comes into play and 
the new surfaces produced by the shearing action join up giving a 
continuous crepe. However, certain chemieals have the ability of 
crumbling latex coagula on a crepeing mill and oils have been found 
very suitable. When oil is present at these surfaces, the surfaces 
become slippery and may not join up. If the oil present is incompatible 
wi th rubber and remains at the surface without being removed by washing 
or penetratien into rubber, the crumbs remain more or less discrete 
in the wet state. However when they are dry they get back their normal 
rubber characteristics. This is considered as an ideal state for making 
use of the increased surface area and discrete particles for rapid 
drying and return to compact rubber after drying. The efficiencies of 
crurnbling of various oils fats and greases are gi ven in Table 3.1. 
(SEKHAR et.al. 1965). From this table it is clear that the most out-
standing crurnbling agent, on the basis of efficiency, cost and 














Sili~one high~ vaccum 
grease 
Table 3.1 
Crumbling efficiency of oils, fats and greases 
Effective conc.,% 
Nature of compound based on d.r.c. for Remarks 
crumbling. 
Viscous aromatic oil 8 ~ Unsatisfactory large crumbs Viscous naphthenic oil 4 which re-form quickly to a 
Light paraffinic oil >10 ) crepe on further milling 
Vegetable fat 8 As above 
Vegetable fat 3 Satisfactory yellowish crumb 
Non-drying vegetable oil 0.5 Very satisfactory crumbs 
Semi-drying vegetable oil >10 ) Unsatisfactory large crumbs 
Semi-drying vegetable oil 8 ~ which re-form quickly to a Drying vegetable oil 8 crepe on further milling 







3.4.2. Production Method 
The steps involved in the production of Heveacrurob rUbbers 
are as fellows: 
Heveacrumb WL 
Latex Reception -------- Bulking of ----+ 
latex 
Drying & Baling Crumbling of 
etc. ~ latex coagulumco.-
Heveacrurob CL 












CrU!Tih ling of ""'<:---
crepes 
Smearing/ .... <....,_ _ 
spraying of 
crumbling agent L Drying & Baling etc. 
l . Crepe1.ng 
The proceduresnr Latex reception , bulking and coagulation of 
latex for Heveacrumb WL are similar to those already described for 
comminuted WL (3.3.2.). Introduetion of crumbling agent is an additional 
step for production of Heveacrumb rubbers. This is done by adding castor oil 
- 0,7 percent by weight tased on dry rubber content - into the bulked 
latex and mixed thoroughly b.efo.re coagulation. Castor oil does not 
affect the stability of latex. 
In the case of Heveacrumb CL, the reception and pretreatments 
required are also similar to those described for comminuted CL rubbers 
(3.3.3.). The crumbling agent ie. castor oil, is normally smeared on the 




FK;~E 3.4 MODIFICATION TO ENABLE CONVENTIONAL CREPERS 
TO HANDLE CRUMBS 
FEEO 
~ CREPER 
FIGURE 3.5 eREPER -HAMMERMILl 
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To effect crumbling, the castor oi l treated coagulum or 
crepe is passed through the erepers three to four times with 
decreasing roll gap sizes. 
The assembly of erepers used for crumbling is called 1crurobler 1 • 
This normally consists of 3 to 4 sets of erepers arranged ei ther in a line 
-a-head (Figure 3.2) or in stepwise arrangement (Figure 3.3). The 
conventional ereper battery wi th a single drive can also be modified 
for this purpose (Figure 3.4). The principle and function of this 
machine is similar to that of erepers and they differ only in layout 
art'a.nQ'ements • 
The fine crumbs received from the last pair of rolls of the 
crumbler are now ready for drying and baling etc. 
3.4.3. Drying 
Drying of Heveacrurob can be achieved in different ways and 
these are dealt with in the next chapter. 
3.4.4. Baling 
Baling of Heveacrurob rubber is similar to that of comminuted 
rubbers (3.3.6.). 
3.5. 'Hammermilled' Rubber 
Hammermilled rubbers were first evaluated as an alternative 
to 'Heveacrurob' rubber by SETHU (1968) and went into commercial 
production in 1969. (CUTHILL AND OSBORNE, 1969). 
The procedures for preparation, drying and baling etc. of 
'Hammermilled' rubber are similar to those described earlier for 
Heveacrurob and Comminuted rubbers except that the final size reduction 
is done by using a hammermill instead of either crumbler or granulater and the 
latex coagulum is creped and fed as a thick blanket for size reduction. 
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FIGURE 3.6 EXTRLDER 
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I n construction hammermills are similar t o granulators 
except that they use 'blunt' hammers (either fixed or swinging) in 
place of sharp knife edges. By virtue of their bluntness, the 
hammers shear the feed material and produce fine crumbs, which are 
almost similar to those obtained from the crumblers. As stated 
earlier when a crumbling agent is incorporated in the system, the 
end product is classifeid as 'Heveacrumb'. An improved version 
of the hammermill is the unit consisting of a hammermill fitted with 
a pair of ereper rolls si ted above but close to the hammers (Figure 
3.5) This is preferred to other forms of 
hammermill, as it regulates the feed evenly and reduces the electrical 
peak load during operation. (SETIIU et .al. 1972 a) 
3.6 Pelletised/Eztruded Rubber 
The Procedure for manufacture of Pelletised/Extruded rubber 
ti-.e 
are also,,same as that described for Heveacrurob, and comminuted rubbers 
except the final size reduction is carried out in either a Pelletiser or an 
Extruder. 
The working principle of the Pelletiser is essentially similar 
to that of the dornestic meat mineer (THOMPSON et.al.1g66)(HOWORTH1 1g66). 
The recent development of this machine is Extruder (Figure 3.6), which 
does not have the outside knife for pelletising and are more robust 
than the Pelletisers. (KUMPULAN GUTHRm SENDIRIAN BERHAD, 1972). The 
extruded strands are loaded on to drier trays ei ther as a long folded mass 
or broken strands. 
The products obtained wi th incorporation of a crumbling 
agent <re normally classified as 'Heveacrumb' rubbers. 
3.7 Shredded Rubber 
Like hammermilled and extruded rubbers, shredded rubber 
production also differs only in the method adopted for :final size 
reduction. The early types of shredders (SALGADO AND LUI, 1967) consisted 
of crepeing mills but with much higher roll speed ratio. 







Schmtatic diagram of shredán. 
FIGURE 3. 7 
Shredder roll wilh 
helix Ieids paltem 
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The recent version consists of a single cutting roll against a 
fixed plate and feed rolls (CHANG, SETilO et.al. 1975)(Figure 3.7); 
the cutting rolls can either be in the form of a typical grass 
cutter or a series of horizontal grooves with sharp edges. 
Application of shredders for latex rubber is limited 
because the final partiele size depends entirely on the feed material 
thickness ie. to obtain a fine crurob it would be necessary to crepe 
the latex coagulum extensively. 
3.8 Technica! classification of Rubber 
A technically specified rubber scheme, namely 1Standard 
Malaysian Rubber' or SMR was launched in 1965 (RRIM 1965) along with the 
introduetion of'new forms of rubber'. The scheme produced small, clean, 
uniform and technically specified rubber bales of low and consistent 
viscosity having good resistance to oxidative breakdown of rubber. 
Although the scheme applied to conventional form as well, its primary 
aim is to classify the newly introduced 1block' rubbers technically. 
Since its inception the scheme has undergone several changes (MORRIS,1970; 
JOHN C.K.et.al.1974;NAIR,S . 197~ RRIM 1979)and their current status is 
given in Table 3.2. 
'Heveacrurob' and 'comminuted' rubbers have become house narnes 
and they follow the SMR classification codes for marketing purposes. 
eg, SMR 'L' - Heveacrurob or SMR 'L' - comminuted; SMR 50 - Heveacrurob or 
SMR 50 - comminuted etc. 
Table 3.2. STANDAID MALAYSIAN RUBBER SPECIFICATIONS MANDATORY FROM 
... ..... ~ ...... -.&.~ .... 
SMR CV SMR LVb SMR L SMR WF SMR 5 SMR GP SMR 10 I SMR 20 J SMR . 5-;-
Latex Blend 
Parameter a Sheet Visco-Viscosity 
mater- sity Field grade material 
stabilised i al st~il ~se 
Dirt retained on 44 aperture 
{max., % wt.) 0.03 0.03 0.03 0.03 0.05 0.10 0.10 0.20 o.so 
Ash content {max.,% wt) o.so o.so 0.50 0.50 0.60 0.75 0.75 1.00 1.50 
Nitrogen content (max.,% wt) o.6o o.6o o.6o 0.60 0.60 0.60 0.60 0.60 0.60 
Volatile matter (max.,% wt) 0.80 0.80 0.80 0.80 0.80 0.80 0.80 0.80 0.80 
Wallace Rapid Plasticity -
minimum initial value (P0 ) - - 30 30 30 - 30 30 30 
Plasticity Retentien Index, 
PRI (Min.,%) 
Colour limit (Lovibond Scale, 
60 6o 60 6o 6o 50 50 40 30 
max.,)· 
-
6.0 - - - - - -
Mooney viscosity MLl + 4, 100°C _c _d - - - - - - -




Colour coding marker.g Black Black Light Light Light Blue Brown Red Yellow 
green green green 
Plastic wrap colour Trans- Trans- Trans- Trans- Trans- Trans- Trans- ·Trans- Trans-
parent parent parent parent parent parent parent parent parent 
Plastic strip colour Orange Trans- Opaque Opaque Opaque Opaque Opaque Opaque 
parent white white white white white white 
L.._ ------
- --- - - -- - --- --
---~ 
--- - - ---
--
-~- ------ --
~esting for compliance shall fellow ISO test methods. 
bContains 4 parts light, non-straining mineral oil per 100 parts dry .rubber. Additional producer control 
parameter: açetone extract 6%- 8% by weight. 
.1:-
(X) 
cThree subgrades, viz. SMR CVSO, CV6o and CV70 with producer viscosity limits at 45-55, 55-65 and 65-75 units respectively. 
dOne grade designated SMR LV50 with producer viscosity limits at 45-55 units. 
eProducer viscosity limits are imposed at 58-72 units. 
fCure information is provided in the farm of a rheograph (R) 
sthe colour of prin ting on the bale identification strip. 
3.9 Speciality Rubbers 
3.9.L Viscosity- stahiliBed (e.v.) Rubbers 
Natura1 rubber obtained from the tree varies in viscos i ty 
levels and i ts viscos i ty increases in storage, which is normally 
expressed as'storage hardeniilg ' of rubber. It has been established 
that the harden.ing reaction is caused by a farm of cross linking 
and i t can be inactivated by t~atment wi th a small amount of a 
monofunctional amine giving rubber which retains its viscosity 
constant at its original level for a long time . These 'cor.<>tant 
viscosity or e.v. rubbers' with a controlled range of viscosity can be 
produced by proper blending of latex in producer factories and treating 
with the correct concentratien (0.15% on d.r.c .) of hydroxylamine (CHIN 
1969). 
The process involved fo r manufacture .of 'CV rubbers' is 
exactly similar to that of normal bleek rubber production except 
incorporation of hydroxylamine in the latex iJefore coagulation. 
3.9.2. Superior Processing (S.P.) Rubbers 
Superior processing (S.P.) rubber is natura! rubber in which 
a portion of the raw rubber is vulcanised befere coagulation. SP 
rubbers have superior properties, which enable complicated extrusions to 
be prepared more rapidly and uniformly than is possible with normal 
rubber (RRIM 1957) . 
The normal weight proportion of the blend of vulcanised and 
raw rubbers is 20 parts and 80 p~xts respectively. The S.P. rubbers 
produced are classified into the following different grades depending 
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S.P. Pale Crepe 
S.P. Brown C 
S.P. Hevea crumb 
In addition to the above S.P. Grades, concentrated masterbatches 
have also been produced to form a superior processing rubber which 
would allow the consumer full scope to obtain any desired degree of 
superior processing character in almost any type of rubber, natural 
and synthetic. These masterbatches are called Processing Aid or P.A. 
rubbers. PA.80 which is the most cornmon type of masterbatch produced 
in Malaysia, contains 80 parts of vulcanised rubber and 20 parts of 
raw rubber. 
The chief steps involved in the production of SP rubber is 
thorough mixing of correct proportion of field latex and vulcanised 
latex, foliowed by coagulation, machining, drying and baling (SETHU, 1973). 
Field latex is usually diluted and standarilised to 15% d.r.c. For 
vulcanisation, field latex is strained, ammoniated to 0.3% (wt/wt) 
and then an amount of vulcanising suspension equal to 8.2% of the 
weight of rubber present is added slowly with stixTing. The latex 
is then heated by steam injection and maintained at 8S°C for about 
2 hours. The vulcanised latex is then cooled to 50°C or below to avoid 
intensive darkening during subsequent hot mixing and coagulation and 
standardised to 15% total solids content. Formic acid is used for 
coagulation and the coagulum obtained i s milled aither by using a 
sheeting battery , erepers or crumblers according to the type of 
final presentation. 
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For production of SP Heveacrumb, the normal an;ount of 
crumbling agent (Castor oil) is added and mixed well with the latex 
mixture before coagul ation. 
For the production of P.A. 8o (SETiru, 1973) 8o parts of 
vulcanised l atex is blended with 20 parts of fie l d latex and the 
mixture is coagulated i mmediately wi th cold 5% sulphuric acid. 
The acid ~s slowly added as uniformly as possible using a spray bucket 
in order to minimise local ocd.l.sion of the ac id in the coagulated 
lumps that form immediately. The coagulum formed is usually left 
overnight and start milling the next day . Befor e milling, the 
acid serum is run off and replaced with clean cold water. The lump 
is milled throu.gh ereper s or crumblers and the 'crumbs' obtained 




SCOPE OF THE STUDY 
The implementation of the processes described earlier 
(Chapter 3) for manufacture of new forms of rubber was dependent 
entirely on the success of being able to economically dry the 
particdate rubber within a very short period and with no adverse 
effect on the physical properties of the final dried rubber. The 
drying techniques required for crumb rubbers can be different from 
those used for conventional sheet and crepe rubbers, which are 
suspended over poles mounted on trolleys and dried either by 
natura! convection or by force draught cross-air circulation 
(Chapter 2). In addition the conventional grades have limitations 
on temperature of drying, as they tend to sag under their own 
weight stress and fall off the hangers during drying (RRIM 1962). 
The maximum allowable temperaturesfor sheet and crepe rubber 
drying are 60°C and 37°C respectively;the drying time under these 
conditions are 4 days and 10-12 days respectively. However for 
crumb rubbers there is no problem due to sagging as the granules 
can be placed in trays during drying. This would facilitate using 
high temperatures for drying. 
Production of particulate rubbers has also greatly increased 
I i 
the surface area and reduced the effective thickness of rubber for 
drying. This has opened a new avenue for rapidly increasing the 
drying rate with consequent reduction in the total drying time. 
The two probable methods considered for drying of particulate 
rubbers were: 
(i) Shallow-bed horizontal layer drying with surface air 
flow 
and (ii) deel'"bed through-air circulation drying. 
5 4 
The following other camman types of driers are nat 
suitable for drying natura! rubber crumbs, as the rubber tend to 
stick together, due to its natura! tackiness, during physical 





The shallow bed surface-air flow driers affered the 
attraction of being able to adopt the existing conventional air 
drying tunnels wi th minor modifications. Sui table trays may be fi tted 
as nests into existing trucks (trolleys), rnodified with proper 
supports and then passed into the air drying tunnel. Ilowever initia! 
ad hoc trials conducted on this system haverevealed the difficulty 
in obtaining a uniform and quick drying of particulate rubbers; Rubbers 
dried at 100°C took approx 8-10 hours to dry completely and the top 
surface layer exposed to hot air for prolonged time tended to over dry 
and 1melt 1 • Reducing the drying temperature to fi:J°C although solved the 
problem of 'melting', increased drying time to approx 3) hours. This 
was considered uneconomical and time consurning. 
Through-air circulation system was, therefore, selected 
as the most probable methad for drying particulate natura l rubber. 
This system is characterized by the subdivision of the material to be 
dried into small pieces or particles to farm a permeable bed through 
which heated air is blown. Drying takes place rapidly because of the 
large area exposed to the hot air, combined with high velocity of air 
flow over each particle. 
Drying of solids by through-circulation of hot air was 
successfully attempted many years ago in the case of aranular, lurnpy 
and flaky materials such as silica gel, aluminium hydrate, granular 
cellulose acetate, charcoal, bran flakes and str~ (MARSHALL AND 
HOUGEN, 1942) seaweed (GARDNER AND MI'ICHELL, 1953) and brewers' spent 
grain, sugar beet, carrots and peas (MITCHELL AND POT1S, 1958 a to d). 
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Pastes, sheets and lumps, not inherently suitable for 
through-circulation drying have been particulated either by 
mechanica! and/or therrnal rneans such as extrusion and stearn-
forrning. The time r equired for through-circulation drying has been 
shown to be much less than that for cross-circulation drying by 
air flow across the surface of the particles (MARSHALL AND HOUGEN, 
1942). 
Through-circulation drying has an advantage over tray 
cross-circulation drying since, in the latter case, the area of 
material exposed to drying is not changed by increasing the depth of 
the layer. In through-circulation drying, however, the area increases 
with the depth of loading, perrnitting the most efficient use of the 
air current. Thus, the throughput per square-metre of dfYing ·area · is 
sizeably increased by through-circulation, which becornes a prornising 
rnethod for dealing wi th particulate natural rubber. Si nee the drying 
time in nearly every instanee is much shorter than that obtained 
by using cross-circulation drying, the material is not exposed so long 
to high temperature - a definite advantage in rubber drying. 
Based on the above considerations, the scope of the studies, 
which also forrns the scope of this thesis, is set as follows: 
• Application of deep-bed through-air circulation 
technique for drying of particulate natural rubber, 
including the effect of preparatien and external 
variables on the drying characteristics 1 
and physical properties of dry rubber etc. 
efficiency 
e To select sui table drying condi tions and design 
criteria for development of commercial deep-bed 
through-air circulation driers for drying of particulate 
natura! rubber. 
• To construct and operate commercial scale driers 
and study their performance and cost economics. 
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DEEP-BED THROUGH CIRCULATION DRYING OF 
PARTlCDLATE NATURAL RUBBER 
Al.':l·10ugh both Comrninuted and Heveacrumb rubbers were considered for 
experimental evaluations, only Heveacrumb rubber was studied in 
detail for the purpose of establishing the drying characteristics 
of particulate natura! rubber. This is because of the potential 
of the latter grade being adopted for commercial production in 
Malaysia. 
5.1 Drying characteristics 
5 .1.1. Equipment for experimental purposes 
Fig. 5.1 shows the schematic view of the experimental 
àrier used for studies of through circulation drying without 
re-circulation of air. This consisted of four vertical ducts 
46 cm x 46 cm (l mm thick sheet) equipped with a centrifugal 
fan to blow the air over a bank of electric heater elements. The 
drying trays, which consisted of 46 cm x 20 cm x 35 cm. 
(18" x 8" x 14") aluminium trays with 0.8 mm (1/32") thick perforated 
aluminium base and 1.6 mm (1/16") diameter holes at 3.2 mm (1/8") 
centres , rested on high temperature-resistant soft rubber gaskets. 
Dry bulb temperatures were regulated by a bimetalic 
t emperature controller. The wet bulb temperature was placed on 
t op of the drying bed. The wet bulb temperature, when required, 
was regulated by injection of a spray of steam into the air inlet duet 
and maintained steady by continuous hand cont rol. For varying the 
inlet temperatures, extra electrical heating e lements were fitted in 
the ducts. These elements were divided into base and variable loads 
t o control the temperature to within + 2°C of the set temperature. 
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The r ate of air f lowi ng through t he drying bed ,;a.s 
measured by a low air speed vane anemometer during the e ar ly 
t ri al s and l ater by an electronic type direct (remote) reading 
Air flow Developments vane anemometer. The air veloei ty was 
varied by throttling the inlet air dampers. The anemometers were 
kept very close to the rubber bed top surface and moved across 
t he bed to f i nd the average air velocity. Pressure taps were 
loc ated before and after the bed to permit obscrvations of the 
s tat ic pressure and pressure drop across the bed. A sensitive 
i nclined water manometer with a range of 38 mm (1.5 in) water 
reading to 0.5 mm (0.02") was used for pressure measurement. 
5 .1.2. Raw materials 
The raw materials used in the study consisted of the 
following: 
Dry rubber from fresh field rubber latex, cuplump and tree lace 
(normally classified as field coagula material), and superior 
processing (S.P.) rubbers. Preparatien of these rubbers are 
summarised briefly as follows: 
Latex rubber 
This is obtained by coagulating whole field latex with 
acid and light p~-machining of the coagulá to remove most of the 
s erum present in the system. The final machining would depend 
on the type of particulate rubber required for the study. eg: 
Heveacrurob, comminuted, extruded or shredded rubber etc. 
Field Coagula Material 
These consists of cuplump, tree lace and pre-coagulated 
rubbe rs and are received in 'solid' form from the fields . Although 
they originated as clean rubber from the t r ee , contaminations 
do occur during the various stages of handling , before arriving 
at the f actory. These are therefore subjected to pre-cleaning 
operations and intensive machining (creping) before fina l size 
r eduction, in order to present the rubber in any one of the 
particulate forms, described earlier. 
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S.P. Rubbers 
S. P. - Superior Processing rubber is the name given to 
a f orm of natural rubber in which a proportion of the raw rubber 
i s vulcanised before coagulation. By varying the weight 
proportion of t he blend of vulcanised and raw rubber and the 
method of final presentation,di ffe r ent grades of SP rubbers are 
pr oduced, In addition concentrated master:batches have also 
been produced to form a superior processing rubber, which would 
allow the the consumer full scope to obtain any desired degree 
of superior processing character in almost any type of rubber, 
natural or synthetic. These master:batches are called 'Processing 
Aii.l 1 "P.A." rubbers. 
The grades and proportions of various superior processing 




S.P. 20 20 parts 80 parts 
P.A. 80 8o parts 20 parts 
5.1.3. Test procedure 
The selected raw material was processed into the given 
particulate form ie: Heveacrumb or communited etc. The fresh 
wet rubber obtained was loaded into the drying trays and the loaded 
trays were left outside the drier for half an hour to drain off 
excessi ve surface moisture. This was required in order to minimise 
the variatien in the initia! moisture content of the test sample. 
The drier was brought to temperature by switching on the heaters 
and the air veloei ty was adjusted to a pre-determined value. The 
drier was left on for 15 minutes for settling the drying conditions, 
before inserting the weighed trays for drying. Temperatures, static 
pressure and air veloeitics were measured at frequent and regular 
intervals. At the end of a specific time interval, the tray of 
material was rernoved and weighed. The experiment was concluded 
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when the loss in weight for a given period was nil, when weighing 
the samples with an accuracy of 2-5g on the 1-5 kg samples. For 
experiments with high temperatures ie. >100°C and high air 
ve loeities ie. .::>30.5 m/min (100 ft/min) the criterion for 
conclusion of the experiment was no detectable loss in weight 
over 15 minutes and for low temperatures ie. L.. 100°C, and low 
air veloeities ie. '- 30.5 m/min (100 ft/min) the criterion was 
no loss over 30 minutes. The bone-dry weight of the final sample was 
measured by drying the sample overnight in a standard drying oven 
and equilibrating it over activated alumina. 
In an i deal situation, the weighing of the drying trays 
should be made continuously without removing the samples from 
the drier. However this would require corrections for factors like 
variation in air flow and up thrust of air etc. Intermi ttent 
weighings we re therefore adopted in all the experiments. In most 
cases, the weighing took less than 15 seconds and the interruption 
of t he steady condi tions of drying by cooling and the time lost 
were found t o be insignificant. This is in line with the previous 
work of GAMSON et.al. (.1943), who found that the time lost when 
t he sample was removed from the drier for weighing had no effect on 
the rate of drying of catalyst pQJ.lets. GARDNER AND MITCHELL (1953) 
had a similar experience on drying of se a weed. 
Handling of wet comminuted latex rubber ie. W. L. required 
caution, as the granules tend to mass tagether due to their natural tackiness. 
Therefore when dealing wi th experiments on drying of comminuted rubber, 
the drying trays were placed directly below the final size reduction 
unit ie. the granulator, and the samples were collected to the required 
depth with the minimum of handling. The discrete particles fell freely 
a11d 
i nto the drying trays~formed an almost uncompacted bed whose. 
structure facilitated through air circulation drying. The materlala 
obtained from field coagula material ie. comminuted C.L. were discrete 
and non s ticky and therefore required no precaution i n handling procedure. 
Heveacrumb rubber obtained both from latex and field 
coagula material ie. W.L. and C.L. were also discrete and non 
s ticky due t o t he presence of crumbling agent ie. castor oil on 
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FIGURE 5.2 
BLOCK OF DRIED RUBBER BEFORE PRESSING 
63 
. their surfaces. This facilitated easy han:lling of their wet 
particles. The natura! tack has however, returned during drying 
and when the drying was complete, the entire bed of rubber became 
a semi-coherent mass (Fig. 5:2), which could be lifted 
as a 'block' for further handling. 
For comparison of the drying characteristics of comminuted and 
Heveacrurob rubbers, the raw material, the preparational and 
l:l,e 
drying condi tions were keptÁ. same except using 13 mm (i'') screen 
and 0.025 to 0.05 mm (1 to 2 thousandths of an inch) clearance 
between knives in the granulator for comminuted rubbers and four 
passes through a laboratory ereper with 0.05 mm (2 thousandths of 
an inch) nip clearance for Heveacrumb. 
5.1.4. Drying characteristics - General 
For repreaenting the drying characteristics, the moisture 
content on dry basis, eg. Kg. water per Kg. dry rubber was plotted 
against the drying time; the dry and wet bulb temperatures of the 
exit air were also shown against the drying time. 
5.1.4.1. Comminuted Rubber 
Figure 5.3 shows a typical drying curve for comminuted W.L. 
obtained through 13 mm (i") screen and dried at 100°C, atmospheric 
humidity, 30.5 m/min (100 ft/min) air velocity and 30.5 cm (12") 
loading depth. 
Figure 5.4 shows a typical drying curve for comminuted 
C.L. obtained through 13 mm (t") screen and dried at 85°C, atmospheric 
humidity, 30.5 m/min (100 ft/min) air velocity and at 10 CJ11 (4") 
loading depth. 
In both the cases drying is found to take place in two 
stages ie. constant and falling rate periods. The critica! moisture 
contents lie in the region of 10%. This has also been shown by 
superimposing the moisture curve with the time temperature curve in 
Figure 5.3. 
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During the first phase of drying the air .leaving the bed is saturated 
with water ie the dry bulb temperature of the outlet air is almast the 
same as the wet bulb temperature of the outlet air. During the 
second phase ie the falling rate period, the dry bulb 
temperature of the outlet air rises rapidly to a value approaching 
the inlet air temperature and remains constant at that temperature until 
the drying is completed. During this period it is possible to visualise 
that initially the transport of water from within the partiele to the 
surface is less than the rate of evaporation from the surface foliowed 
by movement of water by diffusion of moisture within the particles. 
The wet bulb temperature of the outlet air s tays almast 
\",cA 
constant and is equal to the wet bulb temperature of the inlet <air. 
5.1.4.2. Heveacrurob Rubber 
Figure 5.5 shows typical drying curves for Heveacrurob WL 
and CL dried at 100°C, atmospheric huroidity, 30.5 m/min (100 ft/min) 
air velocity and 5 cm (2") loading depth. 
i:.k, (~ 
The basic drying characteristics are found to be~same as 
those obtained for comminuted rubbers and the critica! moisture 
content is also found to be 10% for the falling rate period. These 
aspects are dealt with in detail later (5.3.2.). 
The typical variation of dry and wet bulb temperatures of 
inlet and outlet air is shown in Figure 5.6. 
5.1.4.3. Comparison of Comminuted and Heveacrurob Rubbers 
Figure 5.7 illustrates the drying curve obtained for Heveacrurob 
WL and Comminuted WL rubbers dried at 100°C, atmospheric huroidity, 30.5 
m/min (100 ft/min) air velocity and 30.5 cm (12") loading depth. The 
initia! moisture content ie the s tarting point of the drying curve, 
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Table 5:1 gives the detailed results, which include 
comparison of drying rat es and bulk densi ties etc of both the 
rubbers. 
The drying characteristics of both the rubbers, as shown 
tl"l<?-
earlier, are found to be~same and they have the same critical 
moisture content • Ilowever the drying rates are found to be 
different and these are summarised as follows: 
the drying rate during the constant rate period 
for Heveacrurob WL is about 43% more than that for 
comminuted WL rubber. This illustrates efficient 
saturation of air while passing through the 
Heveacrurob rubber. 
the rate of drying during the 
falling rate period, ie below 10% moisture 
content, is also found to be higher by about 33% 
for Heveacrurob WL than for comminuted WL. This 
possibly illustrates the influence of the fineness 
of the Heveacrurob particles on the rate of moisture 
diffusion from within the particles. Better shear 
on Heveacrurob particles compared to regular cut on 
comminuted material is also expected to enhance the 
rate of drying during this period. 
Figure 5.8 shows the comparison of drying characteristics 
between Heveacrurob CL and Comminuted CL rubbers dried at 100°C, 
atmospheric humidity, 30.5 m/min (100 ft/min) air velocity and 10 
cm (4") loading depth. The initial moisture contents are also 
adjusted to a same value for comparison. Table 5.2 shows the 
detailed results. 
Again the drying characteristics and t he critical moisture 
,.h e 
contents of the f alling rate periods etc are ~s ame for both the rubbers. 
The comminuted CL rubbers were found to have undri ed virgin specks 
within the particles even after drying at 100°C for about 8 hours 
i e a hng time after attaining constant Height. This can possibly be 
TABIE 5.1 
Comparison of Comminuted and Heveacrumb Rubbers 
~.L) 
CONSTANT TIME FALLING RATE 
Initial Tot al 
Type Moisture Drying Drying Drying Drying Drying 
Time Ra te Time Ra te Time 
Kg/Kg( dry) Min. Kg/Kg/Hr Min. Kg/Kg/Hr Min. 
Comminuted - WL 38 .2 57 0.299 214 0.027 271 
Heveacrumb - WL 39.2 41 0.428 168 0.036 209 
--------
TABLE 5.2 
Comparison of Comminuted and Heveacrumb Rubbers 
(C.L.) 
C:OOSTANT TIME FALLING RATE 
Initial Tot al 
Type Moisture Drying Drying Drying Drying Drying 
Time Ra te Time Ra te Time 
Kg/Kg{dry) Min. Kg/Kg/Hr Min. Kg/Kg/Hr Min. 
Comminuted - CL 49.1 75 0.315 409 0.015 484 
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explained as due to low porosity structure of cuplump material 
and the development of an impervious surface similar to that 
observed in conventional sheet rubber (SOUTHERN. 1964). Therefore 
the conclusions derived below are subjected to this limitation. 
5.1.4.4. 
Heveacrurob CL dries faste r t han comminuted CL 
when both are dried at simi lar conditions; 
The drying rate of Heveacrurob CL is almast 
twice as that of the Comminuted CL during the 
constant rate period, and about four times 
during the falling rate period. 
Conclusions 
Both comminuted and Heveacrurob rubbers show similar 
drying characteristics. The drying is found to take pl.ace in two 
stages, Constant rate, and falling rate periods and the 
critica! moisture content lieSin the region of lQ%. 
Heveacrurob rubbers are in general found to dry faster 
than Comminuted rubbers and the effect is more pronounced in the 
case of drying 'CL' rubbers. The comminuted rubbers tend to 
compact more than Heveacrurob during drying and thi s is shown by the 
increased bulk densi ty experienced in the farmer case. Difficul ties 
are experienced in complete drying of comminuted CL rubbers and 
this is attributed to their possible low porosity and development of an 
impervious surface during drying. 
5.2 Drying of Comminuted Rubber - Latex Rubber 
The effect of the following coagulating and drying conditions 
on the rate of drying of comminuted WL rubbers were studied: 
pH of Coagulation, maturation of coagulum 
befare comminution, drying temperature, loading 
depth on the drier trays, Partiele size of 
comminuted rubber and maturity of comminuted 
rubber befare drying. 
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For purpose of comparison only the drying time in the 
falling rate period ie below 10% moisture to dryness 
has been considered. 
5.2.1. Effect of Coagulation conditions on drying time of 
O>mminuted WL rubber 
5.2.1.1. _EH of Coagulation 
Figure 5.9 shows the effect of coagulation pH on the 
falling rate drying time, when other drying conditions were kept t~e 
same. The range studled is from pH 4.5 to 5,05, whereas the 
normal recommended value is pH S.O . The results indicate no obvious 
effect on drying time with variatiou in pH of Coagulation. The average 
drying time remäins in the region of 4 hours. 
5 .2.1.2. Maturation of Coa~1lum before Comminution 
Figure 5.10 shows that increasing the maturation of the 
coagulum befere comminution frorn 2 hours to 20 hours does not have 
any significant effect on the drying time. The average drying time 
also remains in the region of 4 hours. 
5.2.2. Effect of drying conditions on drying time of comminuted 
WL rubbers. 
5.2.2.1 Drying temperature and loading depth 
The drying temperature was varied from 70°C to 140°C and 
the loading depth from •• 5.<rll' •••• to ?5,Ç'P .. (2" to 10") to give a 
2 loading rate range of 5.tc;~.7J.I\iLIP ...... (1 to 15 Lbs. dry/sq,ft) 
of exposed tray area. For simplicity the above loading rates have 
been broadly divided into the following three categories: 
(i) 14.6 Kg/m2 (3 Lbs/ft2)(depth = approx 5 cm) 
(ii) 24.4 34.2 Kg/m2 (5-7 Lbs/ft2)(depth approx 10 cm) 
(iii) 58.6- 78.1 Kg/m2 (12-16 Lbs/ft2)(depth = approx 25 cm) 
Table 5.3 shows the effect of loading depth and drying 
temperature on the falling rate drying time; screen opening size 








>= ' ~ 3 ;-
UJ ! ~ 2 i.. ~ I 
C> i 







Latex Field ORC 
Screen si ze 13 nn, 
Loading 10-15 Kç ...,: 
T•mperatur' 85°C 
~ I "~~4 6;---~-· -:487' -'''-s-o::':' ,---~-_5.~.... •  2_..'""'-;...15_."-
pH 
FIGURE 5-9 
EFFECT OF COAGULATION pH ON FALLING RATE 
DRYING OF Cct.lMINUTED W .L. 
FIGURE ~-1C 
EFFS:::T OF MATURATION OF COAGULUM BEFORE 
COMMINUTION ON FALLING RATE DRYING OF 




Effect of loading depth and D.B.T. on Falling Rate 
Drying Time - Comminuted WL 
Screen Size 13mm 
FALLING RATE DRYING TIME 
MINUTES 
D.B.T. RATE OF LOADING, Kg(dry)/M2 
oe 
14 24 to 32 59-73 
85 220 279 318 
100 68 112 138 
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Effect of partiele size on Falling Rate 
Drying Time - Comminuted WL 
24.4 to 34.2 
SCREEN F ALLING RATE D RYING TIME, 
PERFORATION 
DIAMETER DRYING TEMPERATURES 
MM 85°C 103°C 121°C 
19 247 144 63 
16 250 148 65 
















As expected increasing the drying temperature is 
found to decre ase the drying time and the reduction is found to 
be significant up to 100°C, Increasing the loading depth is 
found to slightly increase the drying time. This, however, is 
well below the proportional increase in the loading rate. This 
also confirms the mechanism centrolling drying during this period 
is mostly diffusion of moisture wi thin the partic les tl1an surface 
evaporation. This aspect is dealt with in detail later under 
drying of Heveacrumb Rubber ( 5. 3). 
5.2.2.2. Partiele size of Comminuted Rubber 
Segregation of the comminuted rubber into similar size 
particles was not possible because of the natura! tackyness and 
consequent massing of rubber particles immediately after comminution 
using granulators. Therefore the diameter of the screen openings 
have been used as the close approximation in place of thickn~ss of 
particles. 
Table 5.4 shows the effect of varying the partiele size 
on the falling rate drying time of comminuted WL rubbers~ 
Increasing the partiele size is found to increase the drying time but 
not in the proportion of square of thickness, as previously 
experienced in the case of sheet rubber (GALE, 1962) ~ the 
increase observed at various drying temperatures were only marginal. 
This suggest s that the rapid drying of both large and small size 
particles is due to inherent porosity and consequent reduction in 
t heir 'effective' thickness of the structure, which is readily 
observed when they are freshly cut. 
5.2.2.3. Maturity of Cornminuted Rubber 
It is a standard practice in the manufacture of conventional 
sheet rubber to drip(mature) the sheet for about 3 to 4 hours befere 
conunencement of drying in order to reduce its initia! moisture 
content. When the same technique was applied to the cornminuted 
rubber it was found (see Table 5.5), in all cases, that increase in 
maturity of comminuted rubber, in spite of reducing the initia! 




Effect of Dripping on fall i ng rate drying of 
Comminuted - WL 
Ld = 24.4 to 34.2 D B. T 0 - 100"C_ G = 'P.'l 
SCREEN INI TIAL MOISTURE FALLING RATE 
PERFIJRATION DRIPPING TIME (AFl'ER DRIPPING) DRYING TIME, 
DIAMETER,mm HOORS % HOURS 
19 O.CJ7 43-7 1.27 
4.78 35.2 2.38 
8.47 32.7 .. 3.CJ7 
23.00 29.7 5.48 
16 O.Cfl 42.0 1.32 
4.78 33.3 2.40 
8.47 31.4 3.10 
23.00 27.6 5-55 
13 0.93 35.3 1.57 
8.18 38.0 3.52 
22.37 26.9 4.98 
10 0.52 35.6 2.CJ7 
7-27 28.8 3-57 
21.03 26.1 5.07 
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.. .. .. 
As porosi ty of comminuf eëf rubber is found to influence 
rapid drying (5.2,2.2.), i t i~> expected tlil\t ,the'~-ad?er§iFeffect 
experienced wi th maturi ty oèf rubb~r ·may '~epresent collapse of 
these porous structure during the period; mainly due to 
relaxation of mechanica! stresses imposed earlier in the system. 
5.2.3. , Cónclusions 
Cóagulation con_'!i tio~, · !!_~cl! as _pH ~-~- m~\Q:atipp 
of coagulum have no significant effect on the 
, • 
falling rate drying times, over the range studied. 
There is a rap:i..çl reduction in drfing· .time 1when 
the .tempe.rature.cf -drying WilS increased-f~m- ·---
8o0C to 100°C ànd less !lignificant.' therea.fter. 
' ' Th~ loading rate (depth) bas no svgnificant 
I • .-, • ' 
effect on the' drying time during the !alli~ 
- .. ,.... - . ._ ....... _ - . . . 
rate period, .. c;c;mfirming :he diffusion controlled 
mechanism duTi.ng these periods of dr:ying. 
the increas~ i_~_.?_ryi~- tï.!De __ du~. t'?_ i~crea~ . in 
partiele size is only marginal and this suggests 
. ..: . ) ... . 
that inherent porosity of the fre~hly cut 
comminuted ~bber largely enhanses' the dry;ing 
ra te. Wlièreas maturtng tne- wet conuiïinuted---
rubber before drying tend to collapse these 
porousstructures with consequent rapid increase 
in the total drying time. 
y 
5.3 Drying of Heveacrumb Rubber - Latex and Field Çgagula Rubber 
i:·, 
As stated earlier, the drying characteristics of 
Heveacrumb rubbers were studied in detail, because of their potential 
commercial application. The effect of both the preparational and 
the drying condition on the drying rates was studied. The principal 
external variables studied were temperature, humidity, air flow, 
and loading rate, which are directly applicable to the 
design and operation of full scale commercial driers. 
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5.3.1. Effect of Coagu]ation conditions on the drying characteristics 
The effect of dry rubber content (d .r.c.) of field latex 
befere coagulation, pH of coagulation and maturity of the coagulum 
befere crumbling on the drying characteristics is shown in Table 
, 5.6. 
5.3.1.1. Discussion and conclusions 
None of these factors have any significant effect on the 
total drying time. The initial moisture content of the wet crumb, 
which was measured after dripping the crumbs for 30 minutes, was 
found to increase with increase in pH of coagulation for the same 
day processing and decrease with increase in pH of coagulation for 
the following day processing. At a constant pH of coagulation, the 
initial moisture content of the wet crumb is found to increase with 
the increase in d,r,c, of coagulation. However these increases 
were not big enough to show any significant effect on the total 
drying t imes involved, 
5.3.2. Effect of external variables on the drying characteristics 
5.3.2.1. General 
The details of external variables and their ranges studied 








12-76 m/min (40-250 ft/min) 
5cm to 36 cm (2-14 inches) 
(12-78 Kg/m2) (2.5 to 16 Lbs/sq.ft) 
60°C - 140°C 
Atmospheric 
TA BLE 5,6 
Effect of D.R.C. and pH of Coagulat ion on Drying Ti.mc 
Heveacrumb WL 
D.B.T. c 100°C DEPTH OF LOADING = 5cm AIR VELOCITY 30.5 
D.R.C. of pH of Period of Initial Constant Rate Falling Rate Total Drying Time Maturity of Moisture * Drying Time Drying Time Coagulation Coagulation Coagulat i on Content % Min . Min. Min. 
Hours 








4.5 4 37.4 24 136 160 
15% 5.0 4 36.0 10 ll8 128 
-
do 
- 4.5 4 34.6 1B 142 160 








4 .5 20 42.3 16 147 163 




4.5 20 33.3 7 125 132 
- --- ~ 
----- ----- -- --~- ~-~--~- L..___.._____ __ _ - ----- ---
+ Field D,R,C. is approx: 30%, 




.:l..!..l:.2.2. Res.ults of the stvdy 
Tab le 5.7 (A,B, & C) givesthe data obtaine d o n drying Heve acrurob 
WL & CL at varying air veloeities through the bed of rubber, whi le 
maint aining ot her drying variables such as ternperature and loading 
constant 0 dept h e tc ./ The effect of air veloei ty at drying ternperatures 100 C 
and 60°C ar e included i n this table, The drying c urves obtained are 
s hown in Fi gur es (11A, 11B, 11C, 110 & 11E). 
The data obtained on the effect of varyi ng the loadi ng 
depth on drying characteristics a...-e tabnla·ted in Table 5.8. The 
loadi ng ra tes, which are c alculated by dividing the quantities of 
tot al dry r ubber by the total surface area and expressed as Kg . d ry 
r ubber/m2 (Lbs dry rubber/sq.ft) are also inc.luded in this table. 
The drying cur•-.res obtained are illustrated in Figures (12A to 12C). 
Table 5.9 shows the effect of drying ternperature on the 
ch a r acteristics of drying. Increasing the drying ternperature above 
140°C, although reduces the total drying time considerably, tend to 
'melt' the rubber particles with consequent deterioration in physical 
properties and this aspect is dealt wi th in detail in a l at er paragraph 
( 5 . 3 .10). Therefore for purposes of evaluating dr ying characteristics, 
J.40°C is taken as the upper lirni t in thi.s s t udy . 
The drJing curves obtained are illustrated in Figures 
(13A to 13C). 
5. 3 .2.3. Discussion of Results 
The results indicate that the general drying characteristics 
tit)e. 
of Heveacrurob rubbers remainÁsame irrespective of the variatien in 
ext e rnal drying condi tions, such as temperature, air veloei t y and 
loading rate. Distinct constant drying rate and falling rate periods 
a re found to occur in all cases. The critica! rnoisture content lies 
in the region of 1Q%. 
As the external variables studied are bound to influence t he 
constant and the falling drying rates differently they are dealt with 
separately in the following paragraphs. 
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TABLE 5.7(A) 
Effect of Air Velocity on Drying Time and Characteristics 
Heveacrurob WL 
LOADING DEPTil = 10 cm (Ld=ave.21.9) 
Air Veloei ty Air Veloei ty Air Veloei ty 
12.2 M/Min(G=14.94) 30.5 M/Min(G=37.3) 61 M/Min(G=74.6} 
Clock Moisture Clock Moisture Clock Moisture 
Time Content Time Content Time Content % % % 
2.00pn 42.9 2.00pn 40.2 2.00pn 40.8 
2.05 )5.9 2.05 29.5 2.05 24.7 
2.10 31.4 2.10 18.7 2.10 9.7 
2.1:; 25.4 2.15 9.0 2.15 5.9 
2.25 14.6 2.25 6.0 2.25 4.1 
2.35 6.2 2.40 3.1 2.30 3.0 
2.40 4.5 2.50 2.1 2.40 1.8 
2.50 2.7 3.00 1.4 2.50 1.2 
3.00 1.6 3.15 0.8 3.00 0.7 
3.15 1.0 3.30 0.4 3.15 0.4 
3.30 0.5 3.45 0.3 3.30 0.2 
3.45 0.3 4.00 0.2 3.45 0.15 
4.00 0.1 4.15 0.15 4.00 0.10 
4.15 0.05 4.30 0.10 4.15 0.00 
4.30 0.00 4.45 0.05 4.30 o.oo 
4.45 0.00 5.00 o.oo 
5.15 0.00 
Air Velocity Air Veloei ty Air Velocity 
18.3 M/Min(G=22.36) 45.7 M/Min(G=55.95) ~ .2 M/Min( G=93.25) 
I 
10.25am 38.9 10.25am 38.9 10.25am 39.7 
10.35 26.9 10.30 27.2 10.30 23.2 
10.40 21.1 10.35 16.6 10.35 9.0 
10.45 15.5 10.40 7.0 10.40 6.4 
10.50 9.8 10.45 5.0 10.45 4.3 
10.55 7.4 10.55 3.3 10.55 2.7 
11.05 5.0 11.05 2.1 11.05 1.8 
11.15 8.0 11.15 1.4 11.15 1.1 
11.25 2.0 11.25 0.7 11.25 0.9 
11.40 0.5 11.40 0.5 11.40 0.4 
11.55 0.3 11.55 0.3 11.55 0.2 
12.10pn 0.15 12.10pn 0.2 12.10p 0.1 
12.25 0.10 12.25 0.1 12.25 o.o 
12.40 0.05 12.40 o.o 12.40 o.o 
12.55 o.oo 12.55 o.o 
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TABLE 5.7(B) 
Effect of Air Velocity on Drying Time and Characteristics 
Heveacrwnb WL 
LOADING DEPTH = 10 cm 
Air Velocity Air Veloei ty Air Veloei ty 
12.2 M/Min(G=14.94) ~.5 M/M G=37.3) 61 M/Min(G=74.6} 
Clock Moisture Clock Moisture Clock Moisture 
Time Content Time Content Time Content % % % 
11.44am 39.4 11.44am 39.3 11.44am 40.7 
11.50 )5.0 11.52 JJ.8 11.49 33.6 
11.59 31.4 11.57 27.7 11.54 26.5 
12.07pm 27.6 12.02pm 23.3 12.00Noor 21.8 
12.17 22.5 12.o8 17.9 12.06 15.0 
12.24 19.1 12.12 14.3 12.10 10.2 
12.32 15.1 12.17 10.0 12.15 9.0 
12.37 12.5 12.25 9.0 12.25 8.3 
12.52 9.1 12.37 7-7 12.37 7.1 
1.10 7.8 12.52 6.7 12.52 6.3 
2.00 5.4 1.10 5.9 1.10 5.6 
Overnight 0 2.00 4.0 2.00 3.6 
Overnight 0 Overnigh~ 0 
Ld = 23.32 Ld = 21.38 Ld = 20.95 
Air Velocity Air Veloei ty Air Veloei ty 
18.3 M/Min(G=22.)5) 45.7 M/Min(G=55.95) 76.2 M/Min(Gz93.25) 
10.27am 40.4 10.29am 39.8 10.31am 41.2 
10.32 37.4 10.34 34.8 10.36 34.6 
10.38 34.1 10.40 27.3 10.42 26.8 
10.44 31.1 10.46 20.8 10.47 20.5 
10.51 26.4 10.52 14.5 10.54 11.2 
10.59 22.2 10.58 10.8 11.11 9.0 
11.07 17.8 11.09 9.1 11.25 7.1 
11.14 13.9 11.24 7-5 11.44 6.2 
11.22 9.6 11.42 6.3 Overnigh 0 
11.40 8.0 Overnight 0 
Overnight 0 
Ld = 20.38 Ld = 22.00 Ld = 21.85 
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TABLE 5.7(C) 
Effect of Air Velocity on Drying Time and Characteristics 
Heveacrurob CL 
LOADING DEPI'H 5 cm 
Air Veloei ty Air Veloei ty Air Velocity 
12.2 M/Min(G=14.94) 30.5 M/Min(G=37.3) 61 M/Min(G = 74.6) 
Clock Moisture Clock Moisture Clock Moisture 
Time Content Time Content Time Content 
% % % 
10.15am 57.8 10.00am 56.9 10,00am 58.1 
10.20 50.6 10.05 38.5 10.05 37.7 
10.25 43.5 10.10 23.0 10.10 17.9 
10.30 $J.7 10.15 10.0 10.15 9.3 
10.35 30.1 10.20 9.3 10.20 8.7 
10.40 21.9 10.25 8.7 10.25 8.2 
10.45 15.7 10.30 8.2 10.30 7.8 
10.50 9.9 10.45 7.1 10.45 6.6 
10.55 9.2 11.00 6.2 11.00 5.5 
11.00 8.5 11.15 5.3 11.15 4.6 
11.05 8.0 11.30 4.5 11.30 3.9 
11.10 7.4 11.45 3.8 11.45 3.3 
11.15 6.8 12.00Noon 3.2 12.00Nooon 2.7 
11.30 5.5 12.15pm 2.6 12.15pm 2.1 
11.45 4.4 12.30 2.0 12.30 1.6 
12.00Noon 3.6 12.45 1.5 12.45 1.1 
12.15pm 3.3 1.00 1.0 1.00 0.61 
12.30 2.9 1.15 0,5 1.15 0.3 
12.45 2.5 1.30 0 1.30 0 
1.00 2.0 1.45 0 1.45 0 







Ld = 11.08 Ld = 11.03 Ld = 11.28 
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TABLE 5 .8( A) 
Effect of Loading Depth on Drying Time and Characteristics 
Heveacrumb WL 
Air Velocity = 30.5 M/Min(G = 37.3) 
Loading Depth= 5 cm Loading Depth= 8 cm Loading Depth = 15 cm 
Ld. = 12.15 Ld = 17.91 Ld = 31.29 
Clock Moisture Clock Moisture Clock Moisture 
Time Content Time Content Time Content 
% % % 
11.00am 42.5 9.29 41.43 9.23 37.5 
11.05 19.7 9.34 28.93 9.33 28.3 
11.10 9.0 9.39 17.26 9.38 17.5 
11.15 7.2 9.44 8.93 9.43 10.6 
11.20 6.5 9.53 6.35 9.48 7.2 
11.25 5.8 10.00 4.85 9.59 4.5 
11.30 4.8 10.11 3.35 10.10 2.9 
11.40 3.8 10.21 1.85 10.20 2.1 
11.50 2.1 10.31 1.55 10.30 1.4 
12.00N 1.6 10.46 0.77 10.45 0.84 
12.15pm 1.1 11.01 0.77 11.00 0.50 
12.30 0.7 11.21 0.35 11.20 0.33 
12.45 0.4 11.41 0.05 11.40 0.15 
1.00 0 12.00 0.05 12.00 0.05 
1.15 0 12.25 o.os 
Loading Depth= 23cm Loading Depth= 28 cm Loading Depth= 36 cm 
Ld. = 50.92 Ld = 61.90 Ld = 77.91 
9.28 37.12 9.48 35.69 9.50 36.60 
9.33 31.28 9.53 31.02 10.00 29.60 
9.38 25.62 9.58 26.30 10.10 22.90 
9.43 19.62 10.03 21.94 10.20 16.35 
9.48 14.15 10.08 17.60 10.30 9.o6 
9.59 5.89 10.18 8.80 10.45 3.95 
10.10 3.84 10.28 4.97 11.00 2.22 
10.20 2.68 10.58 1.57 11.15 1.11 
10.30 1.73 11.28 0.66 11.25 o.8o 
10.45 1.10 11.58 0.35 11.40 0.49 
11.00 0.67 12.28 0.18 11.55 0.40 
11.20 0.25 12.58 0.18 12.10 0.31 
11.40 0.15 11.25 0.21 
12.00 0.15 12.40 0.21 
12.25 0.04 12.55 0.21 
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T:W~ 5;8(s) 
Effect of Loading Depth on Drying Time and Characteriatics 
Heveacruab WL 
Air Velocity "' .);).5 M/Min(G=J7.3) 
Losding Qepth= 15 ca Loading Deptha 28 Clll Loading Ol!pth ,. .}5 CID 
Ld .. 34.67 Ld . 59.?6 Ld . 79.)5 
Clock Moisture Clpck Moisture Clock Ilolature 
TilDe Content Time Content Tie Content 
" " " 11.32 39.2 11.32 J7,1 11.32 )5.3 
11.39 34.3 11.38 34.5 11.38 34.2 
11.46 28.9 11.46 .);).9 11.46 .);).5 
11.54 24.5 11.54 Z'/.2 11.54 27.5 
12.04 16.8 12.04 24.3 12.04 25.1 
12.15 10.0 12.14 18.9 12.14 22.3 
12.28 8.7 12.Z7 14.2 12,24 16.4 
12.54 6.5 12.40 10.0 12.34 13.6 
1.23 5.2 12.57 7.9 12.45 10.8 
1.59 4.2 1.22 6.3 12.58 8.6 
Overnight 0 1.59 4.8 1.22 6.8 
Overnigh 0 2.00 5.1 
Ovemiih\ 0 
Loading Depth • 8 ca Loading Depth • 15 - Loading Depth • 23 -
Ld = 15.22 Ld . 34.C17 Ld • . 48.34 
9.41 43.1 9.41 40.4 9.41 38.9 
9.48 35.2 9.47 1).7 9.47 :!5.3 
9.56 25.8 9.56 28.1 9.56 .);).5 
10.04 17.4 1o.04 21.6 10.04 25.5 
10,12 10.0 10.12 16.1 10.12 21.3 
10,20 8.5 10.22 9.6 10.21 16.9 
10 • .);) 7.8 10.31 8.5 10.31 10.2 
10.45 6.7 10.41 7.7 10.41 6.7 
11.00 5.7 u.oo 6 •. ;3 u.oo 7.0 
11.15 4.6 11.15 5.4 11.15 6.1 
11 • .);) 4.2 11.29 4.9 11.28 5.6 




Effect of Loading Depth on Drying Time and Characteristics 
Heveacrurob CL 
AIR VELOCITY 30.5 M/Min(G =37.3) 
Loading Depth = 5 cm Loading Depth = 15 cm Loading Depth = 30.5 cm 
Ld = 10.83 Ld = 32.32 Ld = 62.64 
Clock Moisture Clock Moisture Clock Moisture 
Time Content Time Content Time Content 
,: ,: ,: 
10.00 am 6o.6 10.00am 54.7 10.00 am 53.8 
10.05 48.1 10.05 48.8 10.10 48.1 
10.10 33.9 10.10 42 .9 10.20 42.1 
10.15 24.3 10.15 )5.2 10.30 37.8 
10.20 12.3 10.20 30.3 10.40 33.8 
10.25 9.0 10.25 25.1 10.50 26.3 
10.30 8.0 10.30 19.2 11.00 19.8 
10.45 5.5 10.40 9.3 11.10 16.5 
11.00 3.5 10.50 8.0 11.20 11.1 
11.15 1.9 11.00 6.4 11'.30 8.6 
11.30 1.2 11.15 4.5 11.40 7.0 
11.45 0.7 11.30 3.3 11.50 5.5 
12.00Noon 0.4 11.45 2.6 12.00N 4.4 
12.15pm 0.3 12.00Noon 2.0 12.30pm 1.8 
12.30 0.25 12.15pm 1.5 1.00 0.8 
12.45 0.2 12.30 1;1 1.30 0.5 
LOO 0 12.45 0.8 2.00 0.2 
1.15 0 1.00 ·o.s 2.30 . 0 
1.15 0.2 3.00 0 
1.30 0 3.30 0 
1.45 0 
2 .00 0 
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Effect of Temperature on Drying Time and Characteristics 
Heveacrurob WL 
LOADING DEPTH = 5 cm (Ld = 12.35 ave) AIR VELOCITY = 30.5 M/Min (G =37.3) 
D.B.T. =140°C D.B.T. = 120°C D.B.T. = 100°C 
W.B.T. = 43°C W.B,T. = 41°C W,B,T. = JBoC 
C1ock Moisture Clock Moisture Clock Moisture 
Time Content Time Content Time Content 
% % % 
10.10 am 51.7 10.10 an 50.1 10.10 47.6 
10.15 20.8 10.15 21.2 10.15 24.8 
10.20 8.1 10.20 8.4 10.20 9.2 
10.25 5.8 10.25 6.0 10.25 8.8 
10.~ 3.6 10.35 5.0 10.~ 6.8 
10.35 2.2 10.45 2.5 10.40 5.4 
10.40 1.2 10.55 1.3 10.50 3.7 
10.45 0.6 11.05 0.7 11.00 2.7 
10.50 0.2 11.15 0.4 11.10 1.8 
10.55 0 11.25 - 11.25 1.1 
11.00 0 11.35 0.3 11.40 0.6 
11.45 0.24 11.55 0.34 
11.55 0 12.10 0.1 
12.05 0 12.25 0 
12.40 0 
AH = 0.04175 AH => 0.03426 D.H = 0.02651 
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TABLE 5.9(B) 
Effect of Temperature on Drying Time and Characteristics 
Heveacrurob WL 
LOADING DEPTil = 5 cm ( Ld AIR VELOCITY = 30.5 M/Min(G=37.3) 
D.B.T. = 80°C D.B.T. = 60°C 
W.B.T. = 36°C W.B.T. = 32.5°C 
Clock Moisture Clock Moisture 
Time Content Time Content 
% % 
10.00am 42.8 10.00am 43.2 
10.05 28.6 10.05 33.3 
10.10 15.0 10.10 23.5 
10.15 9.1 10.15 14.2 
10.20 8.5 10.20 9.5 
10.35 6.5 10.25 8.7 
10.50 4.7 10.30 8.2 
11.00 4.0 11.00 7.8 
11.30 3.1 11.30 7.0 
12.00Noon 2.5 12.00Noon 6.1 
12.30pm 1.8 12.30pm 5.1 
1.00 1.1 1.00 4.4 
1.30 0.7 1.30 3.8 
2.00 0.4 2.00 3.2 
2.30 0.2 2.30 2.6 
3.00 0.1 3.00 2.2 
3.30 0 3.30 1.8 











12 .OOMidnight 0 
~H = 0.01897 A H = 0.01233 
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TABLE 5.9(C) 
Effect of Temperature on Drying Time and Characteristics 
Heveacrurob CL 
D.B.T. = 120°C D.B.T. = 100°C 
W.B.T. = 41°C W.B.T. = 38°C 
Clock Moisture Clock Moisture 
Time Content Time Content 
% % 
ll.OOam 54.3 11.00 57.4 
11.05 38.4 11.05 44.1 
11.10 22.6 11.10 29.1 
11.15 9.3 11.15 17.9 
11.20 7.4 11.20 9.1 
11.25 6.0 11.25 8.5 
11.30 3.5 11.40 7.2 
11.40 1.8 11.55 5.8 
11.50 1.3 12.10 
' 
4.6 
12.00N 0.7 12.25 3.6 
12.10pm 0.55 12.40 2.8 
12.20 0.40 12.55 2.1 
12.35 0.24 1.10 1.5 
12.50 0.10 1.25 0.9 
1.05 0 1.40 0.5 




AH = 0.03426 AH = 0.02663 
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TABLE 5.9(0) 
Effect of Temperature on Drying Time and Characteristics 
Heveacrwnb CL 
. LOADING DEPTH = 5 cm (Ld = 11.13 Ave) AIR VELOCI1Y = 30.5 M/Min (G = J7,3) 
0 0 ATM: 30 C/'J-5 C 
D.B,T, = 8o~C D,B.T. ,. 6o0 c 
W,B,T, = )SC w.B.T. = ~.5°C 
Clock Moistu11e Clock Moisture Clock Moisture 
Time Content Time Content Time Content 
% % % 
11.00am 57.86 9.00am 55.2 8.00pm 2.2 
u.os 45.86 9.05 47.1 8.JJ 2.0 
11.15 20.)5 9.10 39.0 9.00 1.8 
11.20 9.9 9.15 JJ,5 9.JJ 1.6 
11.?5 8.9 9.20 22.5 10,00 1.5 
11.30 8.1 9.25 14.8 10,)J 1.2 
11.40 7.6 9.30 9.7 11.00. 1.05 
11.50 6.2 9.35 9.1 1l.)J 0,9 
12.0Spm 5.5 0.40 9.0 12.00MN 0,8 
12.20 4.6 10.00 8.6 12.)Jam 0.6 
Overnight 0 10.30 8.2 1.00 0.3 
11.00 7.8 1.30 0,16 
AH .. 0,01897 11.30 7.3 2,00 0.10 12,00N 6.9 2.30 o.os 
12.)Jpat 6.5 ].00 0 
1.00 6.1 3.30 0 
1.30 5.8 4.00 0 
2.00 5.5 4.30 0 
2.30 5.2 
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5.3.2.4. Constant Rate Period 
This, as explained earlier, represents the period in 
which the rate of moisture removal per unit time remains constant , ie 
the di~ng curve beoomes a straight line of constant slope dw/~e. 
'I'he:refore evaluation of the effect of external vw-iables, during this 
period, requires estimation of the rate of d rying by differentiatir~ the 
drying curves. This has been done and the relationship between the drying 
rate anrl the externa.l variables bath individually and when combined 
together, has been established, The details are given in the following 
paragraphs . 
;?.3.2.4.1. Temperature and Humidity 
As neither recirculation nor artificial humidification 
was done in this study, the humidi ty of the i nlet air remained constant 
at a level equivalent to the atmospheric humidity. 
1he hurnidity of the outlet air 
however corresponded to the saturation humidi ty at the wet bulb temperatu_..-e 
of the hot i nlet air. Thus the latter was controlled by the tem11erature 
of dr)~ng used in the trial. As the temperature of the rubber bed, remains 
very close to the wet bulb temperature of the inlet hot air, the influence 
of the temperature of drying can readily be represented by the humidity 
gradient, AH, which is defined as the difference · between the saturation 
humidi ty, Hs, corresponding to the wet bulb temperature of the hot inlet 
air and the humidity of atmospheric air, Ha. Psychrometrio charts have 
been used for estimating AH for the various drying temperatures. 
Table 5.10 shows data on constant drying rate (dw/de)0 , Ó.H, 
and the drying conditions :ie air mass velocity G, the rate of loading 
Ld and the various drying temperatures used in the study. 
'I'he plot of constant drying rate versus ~H gives a straight 
line passing through the origin (Figure 5.14). Statistica! analysis of 
the data gives the following regression line to represent the relationship 
between the constant drying rate and the humidity gradient {ie temperature 
of d rying), wi thin the range studied while maintaining the loading depth and 
air mass velocity at a c onst ant l evel, within practical limitations. 
G = 37.3 
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TABLE 5.10 
Effect of Temperature and Humidity on Constant Rate 
Drying Period 
Heveacrumb WL 
D. B.T.°C AH G Ld 
140 0.04175 37.3 12 .50 
120 0.03426 37.3 12.1•0 
100 0.02651 37.3 12.16 
8o 0.01897 37.3 13.18 








Effect of Loading Rate on Constant Rate Orying Period 
Heveacrumb WL 
D.B.T. = 100°C D.B.T. = 6o0 c Loading 
~H ÀH 
Depth 
Ld. (dw/dQ) Ld. (dw/dQ) cm 
c c 
12.15 0.02651 2.736 5 
17.91 0.02652 1.439 15.22 0 .01233 o.66o 8 
31.29 0.02652 l.CfTl 34.07 0.01233 0.470 15 
50.92 0.02653 0.689 48.34 0.01233 0.330 23 
30.71 0.02653 1.170 34.67 0.01233 0.410 15 
61.90 0.02653 0.544 59.96 0.01233 0.240 28 
77.91 0.02653 0.405 79.$J 0.01233 0.210 36 
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The loading depth is expressed ~~ its corresponding loading 
rate ie. Kg. dry rubber/m2 in the evaluation of results. As the amount 
of water evaporatcd remains t he same during the constant rate period, 
depending upon the condition of the inlet air ie temperature, humidityJ 
flow ra te and degree of saturation etc, the increase in 1oading depth 
will decrease the rate of drying, which is expressed as Kg. wat er per 
Kg. dry rubber/per hour. 
In otherwords the rate of loading expressed as Kg.dry rubber 
per square metre of drying area, Ld, will be iiiVersely proportional to 
the constant drying rate. This has been confirmed by the plot ~ 
(dw/d~) 0 against 1/Ld which is a straight line passing through the 
crigin (Figure 5.15). 
Statistica! analysis of the data (Table 5.11) gives the following 
regression line to represent the abcve relationship. (the subscript 1 
and 2 re present Metric and British units respecti vely.) 
For Heveacrurob WL at 100°C. 
(~:) c 31•.7.3 ((~:)c 6.5) Ldl Ld2 
For Heveacrurob WL at 60°C 
(t)c 
12•01 {dwJ = 2.46) Ldl . ~d;c Ldz 




288.3 Kg.(dry)fm3 of wet bed. 
352.6 Kg. (dry)/m3 of dry bed. 
The air veloei ty used in i: he study is expressed as i ts 
corresponding air mass veloci!y, G, ie, Kg./m2.min. 
The mechanism of water transfer during the constant rate period 
in a through aii'-Circulation drying, where only gas film is involved :i.n 
mass transfer, 
·humidifièation ·and desorption etc. 
is analogous to the operations of 
It is therefore possible to 
lOS 
visualise that the constant drying rate is proportional to en, ~ the 
value of the exponent 'n' will vary according to the type of dr flow 
within the bed. 
This relationship has been confi nned by the plot of constant 
drying r ate versus air mass velocity on logari thmic co-ordinates , which 
is a s t raight line for both HeveacM.DDb WL and Ileveacrumb CL. {Figure 
5.16). 
Statistica! analysis of the data {Table 5.12) gives the 
fol lowi ng regression lines to repreaent the above rel ationship. 
(Subscript 1 and 2 repreaent Metric and British ll11i t s respectively). 
For Heve acrumb WL at 100°C 
( dw). "' 0,1317Gl 0 . 5968 d;c 
For Heveacrumb WL at 60°C 
(~w) "' O.Q567Gl 0,5968 
\de c 
For Heveacrumb CL at 100°C 
5.3.2.4.4. Combined effect 
0.3394G2 0.5968) 
o.l461G2 o,5968) 
0.3421G2 o. 7840) 
The conbined effect of the external variables ie temperature, 
humidity gradient, loading depth and the air velocity on the constant 
drying rate is summarised in Tables 5.13 and 5.14 for Heveacrumb WL and 
Heveacrumb CL respectively. The relationship between (~:) c and (A~~n) 
has been studied statistically and the resultant regression lines are 
expressed as follows: 
For Heveacrumb CL 
(d ~) 35.591 o. 7840 AH \ d: )c =~LdF."'1----== 
6?.7Gz o.5968 AH) 
Ldz 
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G Ld (dQ)c 
14.94 22.7 o.68o 
22.36 22.1 0.703 
37.3) 21.8 1.290 
55.95 22,3 1.334 
74.60 21.1 1.935 
93.25 23.5 1.980 
/l H = 0.01250/0.01170 
14.94 23.3 0.304 
22.36 20.4 0.338 .. 
37.30 21.4 0.533 
55.95 22.0 0.662 ' 
74.60 20.9 0.708 
93.25 21.9 · o.78o 
-- - (dw) 
G .: Ld (dQ)c 
-, 
' 1,4.94 , ll.o8 _0.843 
37.30 11.03 1.880 
1 ,74.6_0 ._ 11.28 -. 2.410 l 
' . . r 
.:·.r;·: 











0 ·1 ..__-"---1.:-:-L..LJ..l.l..J_ _ _J_ 
10 20 ' 30 50 100 
AIR MASS VELD CITY, G 
FIGURE 5.16 
EFFET OF AIR MASS VELOCITY ON DRYING OF 
HEVEACRUMB W .L. AND C.L. DURING THE 
CONSTANT RATE PERIOD. 
1Q 2 0 
::r 
.. 
UI 10 ~ 
i= 
~ 5 







234 252 270 288 30i 
1/T ~tl0 5 
FIGURE 5.17 
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The estimated constant drying rates aa per tbe abave relàtion.s 
have also been included in the Tables 5.13, & 5.14 for comparison ~urpoaes. 
Although there are slight differences betveen them the actual valuea show 
fairly close agreement with the empirical relationship. 
5.3.2.4.5. Discussion 
The rate of drying during the constant rate period for dl'ying 
of solids by through circulation of air through granulator beds has been 













- constant drying rate 
air mass velocity 
Humidity gradient 
Partiele diameter 
This is in fair agreement with the empirica! equation derived 
above for the combined effect of external variables on drying of Heveacrurob 
rubbers during the constant ra te period; AH appears as the dri ving 
potential, the exponent of G appears as 0.5968 and 0. 7840 instead of 0.8 
and I.d appears instead of partiele diameter. 
The value of the constant falls in the category of 'granular 
solids'; the values obtained by MARSHALL AND HOUGEN (1942) for a variety 
of materials are summarised as follows: 
Materials Value of the constant 
(British units) 
Pigments, claya and heavy solids 3 - 9 
Starch, Flour, Fillers, insecticide etc. 10 - 22 
Granular Solids 25 - 100 
Fibers 110 - 220 
io9 
TABU: 5.13 
Effect of colftbined kxternal Variables on C'..onstant Rate 
Drying Period 
Hevcacrumb WL 
D.B.T. H G0.5968 (dw} 
oe Ó,.H G Ld Ld ( d9)c 
Actual 
100 0.02663 11~.94 22.7 -3 0.680 5.89 x 10 3 100 0.02!563 22.35 22 .1 7.69 x 10-3 0.703 
100 0.0.2663 37.-:JJ 21.8 10.58 x 10=3 1.290 
100 0.02663 55.95 22.3 13.21 x 10_3 1.334 
100 0.02!563 74.60 21.1 16.53 x 10_3 1.935 
100 0.02!563 93.25 23.5 16.93 x 10_3 1.98o 
60 0.01250 14.94 23.3 2.70 x 10_3 0. 304 
60 0.01170 22.35 20.4 3.66 x 10_3 0.338 
60 0.01250 37.3) 21.4 5.o6 x w_3 0.533 60 0.01170 55.95 22.0 5.88 x 10_3 0.662 
60 0.01250 74.60 20.9 7.82 x 10_3 0.708 
60 0.01170 93.25 . 21.9 8.01 x 10_3 0.78o 
100 0.02!551 37 .30 -12.15 18.92 x 10_3 2.735 
100 0.02!552 37.30 17.91 12.84 x 10_3 1.439 
100 0.02652 37.-:JJ 31.29 7.?f) x 10_3 1.(177 
100 0.02653 37.?1J 50.92 4.51 x 10_3 0.689 
100 0.02653 37.30 30.71 7.49 x 10_3 1.170 
100 0.02653 37.?f) 61.90 3.71 x 10_3 0.544 
100 0.02653 37.30 77.91 2.95 x 10_3 0.405 
60 0.01233 37.?i) 15.22 7.03 x 10_3 0.660 
60 0.01233 37.30 34.07 3.15 x 10_3 0.470 
60 0.01233 37.?f) 48.34 2.22 x 10_3 0.3?f) 
60 0.01233 37.?f) 34.67 3.09 x 10_3 0.410 
60 0.01233 37.30 59.96 1.78 x 10_3 0.240 
60 0.01233 37.30 79.35 1.35 x 10_3 0.210 
140 0.04175 37.30 12.50 28.97 x 10_3 0.710 
120 0.03426 37.30 12.40 23.96 x 10_3 3.460 
100 0.02651 37.".!/J 12.16 18.92 x 10_3 2.735 
8o 0.01897 37.".!/J 13.18 12.49 x 10_3 1.595 















































Effect of combined External Variables on Constant Rate 
Drying Period 
Heveacrwr.h CL 
3 H.G0.784 ~ LlH G Ld Ld c Actual 
0.03426 37.3 10.98 -2 5.32 x 10 - 1.90 
0.02663 37.3 10.89 4.17 x 10-2 1.58 
0.01897 37.3 11.57 -2 2.79 x 10 1.44 
0.01233 37.3 10.69 -2 1.97 x 10 0.97 
0.02663 14.94 11.08 -2 2.00 x 10 0.843 
0.02663 37.30 11.03 4.11 .x 10-2 1.880 
0.02663 74.60 11 .28 6.93 x 10-2 2.410 
0.02663 37.3 10.83 4.20 x 10-2 1.450 
0.02663 37.3 32.32 1.41 x 10-2 0.710 















5.3.2.5. Falling Rate Period 
In the discussion of the drying characteristics of Heveacrurob 
(and Comminuted) rubbers (5.1.4.) it was shown that the drying takes 
place in two different stages ie constant rate, and falling rate periods 
ani the cri tic al moisture content lies in the region of 1CJ%. 
For purposes of evaluation of the effect of temperature, 
humidity, air velocity and bed depths, the total drying time to reduce 
the moisture content from 1CJ% to equilibi1~ dryness bas been used as 
the basis for consideration; an equilibrium moisture content of 0.1% 
based on bone dry weight has been taken as the equilibrium dryness for 
computing the falling rate drying time. 
5.3.2.5.1. Temperature and Humidity 
The variation of the falling rate drying time with the drying 
temperature is shown in Table 5.15. 
Ir~rease in temperature of drying is found to decrease the 
falling rate drying time rapidly. This aspect is dealt with in detail 
later (5.3.2.5.4.) 
5.3.2.5.2. Air velocity 
The effect of air velocity used on the falling rate drying time 
is shown in Table 5.16. The results show no obvious trend on the effect 
of air velocity on the falling rate drying time, within the range studied. 
5.3.2.5.3. Bed depth 
Table 5.17 shows the effect of varying the bed depth ie the 
rate of loading on the falling rate dryir,g time. The results obtained 
are scattered and show no positive trend on the effect of the loading 
depth on the falling rate drying time. 
t • ' 
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TABLE 5.15 
Effect of Temperature on Falling Rate Drying Time 
Heveacrumb WL & CL 
FALLING RATE DRYING TlltE 
MINUTES 
D.B.T. 
oe Heveacrumb WL Heveacrurob CL 
140 35 -
120 98 111 
100 124 170 
80 318 
-
6o 754 1099 
TABLE 5.16 
Effect of Air Velocity ort Falling Rate Drying Time 
Heveacrumb WL & CL 
Air Velocity FALLING RATE DRYING TIME 
M/Min Heveacrurob WL Heveacrumb CL 
Ld = 22 .3(ave) Ld = 11.3( ave) 
12.2 120 209 
18.3 135 
-
30.5 135 198 
45.7 118 -

















Effect of Lo9-ding Depth on Falling Rate Drying TiJI!e 
Heveacrurnb liL & CL 
FALLING RATE DRYING TIME LOADING 
MINUTES Ld. 
Heveacrurob WL Heveacrurob CL Heveacn..unb WL 
138 157 12.15 
118 17.91 
141 













Initiatien of the falling rate period indicates that the 
rate of water movement from the interior of the material has 
become a centrolling factor in the rate of drying. This is of 
steadily increasing significanee as the moisture content is reduced 
with consequent reduction in the evaporation rate. During this 
period the dry bulb temperature of outlet air rises rapidly to 
become equal to the dry bulb temperature of the inlet air. Figure 
5.6 confirms this concept for drying of Heveacrurob rubbers. As 
discussed earlier, during this final stage of drying the internal 
water movement solely controls the rate of drying. 
It was suggested (GALE, 1962) that during drying of 
conventional sheet rubber, the internal water movement during the 
final stages of drying is controlled by activated diffusion under 
the influence of differences in moisture concentratien across 
the sheet thickness; the drying r ate during this period is also 
found to be inversely proportional to the sheet thickness raised 
to the power of two or thereabout. 
It i s believed that the actual mechanism of diffusion 
of moisture within the particles of Heveacrurob (or any natura! 
\:l,e 
rubber in particulate form) should virtually be~same as that of 
sheet rubber, as the process of making these rubbers is equivalent 
to mere sub-division of sheet rubber with consequent reduction of 
the effective thickness of the particle. In the c ase of 
Heveacrurob, the particles are subjected to heavy shear and this 
'opens' the partiele and thereby reduces considerably the 
'effective' thickness. As discussed later ( 5.3.3), within 
the range of the amount used, the crurobling agent ie castor oil 
has no effect on the drying characteristics of Heveacrurob rubbers. 
The following general equation for activated diffusion 
mechanism has, therefore, been applied to express the effect of 
temperature at constant air velocity and rat-e of loading/m the 
falling rate drying of Heveacrurob rubbers. 
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Q Ce {E/RT) 
where Falling rate drying time, Hours 
(ie from 10% to 0,1% moisture content) 
C Proportionality constant 
E Activated energy of diffusion, 
R Gas constant 
T Absolute Temperature 
e Base of natura! logarithm 
When the results obtained for falling rate drying time 
are 
under varying drying temperatures,;_ploted against the reciprocal 
of T on logarithmic co-ordinates, a straight line relationship 
has been obtained for both Heveacrurob WL and Heveacrurob CL 
(Figure 5.17). 
Statistica! analysis of the result givesthe following 
regression line to express the relationship between the falling 
rate drying time and the temperature of drying: 
-6 9 .417 x 103 Q 7.607 x 10 e RT for Heveacrurob 
and 9 3.3 x 10-6 10.2 x 103 for Heveacrurob 
e RT 
The activatien energy of diffusion (E) is found to be 
as follows: 
E 9,417 x 103 c al/gm.mole for Heveacrumb WL 
E 10.2 x 103 cal/gm. mole for Heveacrurob CL. 
CL 
When the drying rate is controlled by activated diffusion, 
the loading rate should ideally have no effect on drying during the 
falling rate period. This has been largely confirmed by the results 
given in Table 5.17. The falling rate drying time when varying the 
depth of loading from 5 cm to 35 cm (2" to 14") and at 100°C and 
WL 
30.5 m/min (100ft/min) air velocity is in the region of 1.J5 .± 18 
minutes and this compares well with the estimated time of 136 minutes, 
when calculated using the above empirica! equation. 
Air velocity during the falling rate period like that 
of bed depth would also be expected to have no effect on the drying 
time. However the results {Table 5.16) indicate a slight reduction 
in drying time as the air speed increases. This could be due to 
better temperature distribution at higher air velocit1y with 
consequent reduction in falling rate drying time. However for all 
practical applications, the effect of loading depth and air velocity 
on the falling rate drying time can safely be taken as insignificant. 
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5.3.2.6. Conclusions 
Drying of Heveacrumb bas been effectively studied in 
two stages: the constant rate and the falling 
rate periods. The critical moisture content lies in the region 
i:.he 
of 1Q%. The general drying characteristics remain ~same 
irrespective of changes in the external variables. During the 
constant rate period, the rate of drying is found t o vary directly 
with the humidity gradient which is dependent on the drying 
temperature, exponentially with the air mass velocity and 
inversely with the rate of loading. The combined effect of these 
variables is expressed by the following empirica! equations: 
derived 
dw 128.3h 0 •5968 b, H f or Heveacrurob WL dQ c Ld1 
dw 35.5G1° ' 784 Jl li for Heveacrurob CL. dQ c Ld1 
This is in fair agreement with the emperical e~1ations 
generally for drying of granular solids by through 
air circulation drying and further confirms the theory that gas 
film mass transfer is the cantrolling mechanism in the constant 
ra te drying period. 
The drying time during the falling rate period is 
controlled by activated diffusion mechanism, the activatien energy of 
diffusion being: 9417 cal/gm.mole and 10,200 cal/gm. mole for 
Heveacrurob WL and Heveacrurob CL respecti vely. The ra te of loading 
and the air velocity are found to have no significant effect on 
the falling rate drying time. 
5,3,3, Effect of crurobling agent on dryins characteristics 
As explained éarlier ( ••• ~:4:~: ..... ) the process for 
manufacture of Heveacrurob rubbers involves inclusion of a 
crumbling agent ie castor oil 1 to facilitate mechano-chemicai · 
crumbling of rubber, In order to ascertain the influence of çastor 
oil, which normally stays on the surfa.ce of the rubber particles, on 
drying of Heveacrurob a series of experiments has been carried out. 
I I 7 
The range studied was from 0.7% wt/wt to 1.5% wt/wt and the latter 
~e 
corresponds to almost twice the amount recommended for~crumbling 
process (RRIM 1964). The results obtained for drying Heveacrurob 
WL is given in Table 5.18 and illustrated in Figure 5.18. 
5.3.3.1. Conclusions 
Within the range studied no significant effect has been 
found by the presence of castor oil on the surface of Heveacrurob 
particles on the drying characteristics. 
5.3.4. Effect of air veloci ty on static pressure drops 
The transfer of momenturn in a fluid stream is expressed 
in terros of pressure drop i n the direction of flow, This would 
normally be proportional to the friction factor, as defined by the 
Fanning equation and depth of bed, exponential1y with air mass 
velocity and inversely with density of the fluid (gas) and partiele 
diameter etc. However as the bed of rubber crumbs was not made of 
WM 
definitely formed particles and/sticky in nature, correlations 
based purely on theorectical considerations and in terms of parameters 
such as bed porosity and partiele diameter etc were not feasible in 
this study. Attempts were therefore made only to correlate the 
observed static pressure drops across the rubber bed against the 
air mass velocity in order to obtain an empirica! equation to 
represent the relation between them, 
5.3.4.1. Results and conclusions 
Plots of static pressure drop,6P, versus air mass 
velocity (G) on logarithmic co-ordinates give a straight line 
relationship (Figure 5.19) for various depths of loading using 
air at room temperature; both wet and dry rubber beds were included 
for the study. 
The straight lines in Figure 5.19 may be represented by 
the following equation: 
where C and N are constants. 
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TABLE 5 .18 
Effect of Crumbling Agent - Castor Oil on 
Drying of Heveacrurob WL 
Ini ti al 
Castor Oil D.B.T. Moisture 
Content % oe Ld G Content 
% (dry) 
1.5 100 12.2 37.3 41.3 
1.0 100 12.6 37.3 40.5 
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Analy.sing the re sul t s obtained statisticai!y the f ollowing 
range of values has been obtained f or t he exponent 'N ' f o r wet 
and dry Heveacrurob rubbers : 




0 .661 t o 1.08 
1.28 to 1.71 
By making use of an average value of the exponen t s and 
the val ue for the constant from the deepest beds, the following 
empi r ica! equation has been deri ved to r espresent the rel ation 
between the ai r mass velocity and the static pr essure drop through 
Heveacrurob rubber. 
Heveacrurob WL (wet) 
~P 0.033Gl0 •899 
Heveacrurob WL (dry) 
/::..P 0.0093G11 •46 
5.3 .5 . Effect of varying the h~dity at constant drying temperature 
In all the previous trials, the humidities obtained were 
atmos pheric at various drying temperatures. In this study an 
attempt was made to dry Heveacrurob at va r i ous humidi ties and at 
constant drying temperature . This has r e s ul t ed in altering t he 
humidi ty gradie'n.t 'obtained at a gi ven dr ying temperature. Saturated 
s team was i n j·ected into the drier to increas e the humidi ty of the 
system. 
The experimental 
Dry bulb tempe°C 
of inlet -air 
100°C (212°F) 
100°C ( 212°F) 
120°C (248°F) 
120°C (248°F) 
drying condi t ions were as fellows: 
Wet bulb tempeoc 
of i nlet air 
38.3°C ( 110°F) 
6Z.8°c ( 145° F) 
Ó5°C (149°F) 
47 . 8°C ( 118°F) 
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5,3.5.1. Results 
The resulto~~ obtained are swnnu,.rised in Tab~e 5.19, The 
drying times based on the emprical equation (5.3.2.4.4,) derived for 
constant rate drying are also incl:uded for comparison purposes, In 
order to find the effect on the falling rate period, the drying time 
required for reducing the moisture content of the rubber from the 
range of 10% to final dryness in stages has been estimated (Table 5.20), 
5,3,5.2. Conclusions 
Increasing the hWilidi ty at constant drying tempersture 
is found to increase the drying time bath during the constant and 
the falling rate periods, This :j.s due to the effect of decrease in 
the hWIIidity gradient (AH) on the constant rate and the first 
part of the falling rate periods. 
However, as expected, the difference in drying time becolll6s less wi th 
the increase in the drying tempersture. This again is due to leas effect 
on the hUIIIidity gradient at high drying temperatures. 
•3.6. Effect of d i cozxlitions on constan 
The constant rate drying efficiency is defined as ·the ratio of 
actual water evaporated per hour from the system ~uring the constant 
rate period to the theoretica! rate of evaporation based on complete 
saturation of air during the same period. The fonner is the product of 
the constant drying rate (actual) and the total quantity of dry rubber. 
The following range of external variables were stuclied to 
find their effect on constant rate drying efficiency& 
Drying temperature 
Air mass velocity 
Loading rate 
6o°C- 140°C 
1!).-93 Kf!/m2/min (3.o6-19.1 
I,.ba/ft2/min) 
18-78 Kg/m2 (3.67-15.96 Lbs/ft2) 
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TABLE 5.19 
Effect of Temperat~re and Humidity on Orying Time and 
Characteristics 
Heveacrumb WL 
G = 37.3 Ld = 70.75(Average) 
D.B.T. W.B.T. CONSTANT RATE FALLING DRYING TIME RATE 
oe oe (FROM 35% to 1<J%) DRYING l}H 
TIME 
OBSERVED ESTIMATED 
MIN. MIN. MIN. 
100°C 38.3°C * 31 37 137 0.02522~ 
100°C 62.8°c 48 47 174 0,02030 
120°C 47&8°c 34 29 112 0,03290) 
120°C 65 c 36 32 141 0.03100) 
TABLE 5 ,20 
G = 37.3 Ld = 70.75(Average) HEVEACRUMB WL 





100°C/38 .3°C 100°C/62.8°C 120°C/62.8°c 120°C/47.8°c 
10% to dryness 
8% to dryness 
6% to dryness 
4% to dryness 
3% to dryness 
2% to dryness 
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5 . 3 . 6 .1. Results 
The results obtained are summarised in Table 5.21. The 
theoretica! evaporation ra te, is based on complete saturation of the 
exit air. 
5.3.6.2. Discussion and Conclusion 
The constant rate drying efficiencies of Heveacrumb rubbers 
dried under deep bed t hrough c irculation conditions are found to increase 
wi th the decrease in air mass veloei ty and/or increase in ra te of loading. 
In otherwords the chances for achieving high drying efficiencies are 
more when the constant rate period drying is carried out at low air 
velocity, 12-18 m/min (40-60 ft/min) and at high depth of loading (23 
cm ( 9" )). At extreme co mi ti ons ie at very high air veloei ty and/or 
very low loading depth, the time of cont:act for effective mass transfer 
is low and this results in low drying efficiency; urxler these conditions 
the amount of by-pass of air through the void space between rubber 
particles and the gap between the rubber bed and the sides of the tray 
etc is high . At loading deptbs higher than 23 cm (9") the drying 
efficiency tends to go down. This is possibly due to re-evaporation of 
the water condensed from the saturated air -while passing through the top 
layer of the deep bed of rubber. 
5.3.7. Temperature of rubber during drying 
A study bas been made to f i nd the actual temperature of rubber 
particles, during through circulation hot air drying of Heveacrumb 
rubbers. A mercury-in-glass th~ometer was inserted about 2 cm below 
t he top surface of rubber crumbs and the temperature readings were taken 
duri ng the drying cycle at frequent intervals, with and without air flow 
through the bed; this is carried out by momentorily switching off the 
blower fan for readings without air flow and switching on the fan to 
its normal position for readings with air flow. 
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TABLE 5.21 
Effect of Drying Conditions on Constant Rate Drying Efficiency 
Heveacrurob WL 
DRYING CONDITIONS RATE OF EVAPORATION CONSTANT KG. WATER/HOUR RATE 
ORYING 
D.B.T. G Ld Actual Theoretica! EFFICIENCY 
oe Maximum % 
100 14.9 22.7 1.43 ·~ /)7.8 2.11 
100 22.4 22.1 1.44 3.16 .45.6 
100 37.3 21.8 2.62 5.28 .. 49.9 
100 55.9 22.3 2.76 7.91 34.8 
100 74.6 21.1 3.79 10.55 35.9 
100 93.2 23.5 . 4.33 13.20 32.~ 
100 37.3 17.9 2.39 5.27 45.4 
~00 37.3 31.3 3.13 5.27 59.4 
100 37.3 50.9 J,26 5,27 61.8 
100 37.3 61.9 3.13 5.28 59.3 
100 37.3 77.9 2.93 5.28 55.5 
140 37."3 12.5 4.31 8.30 51.9 
120 37.3 12.4 3.99 6.81 58.5 
100 37.3 12.2 3.09 5.27 58.6 
8o 37.3 13.2 1.95 3.77 51.8 
6o 37.3 :).2.4 1.33 2.49 54.6 
* Procedure for calculation of theoretica! m<:~ximum: 
In1et p.ir D.B.T. 29°C; W.B.T. 24°C; Ha = 0.01702 
Heated air D.B.T. = 100°C; W.B.T. )8PC; Hs = 0,04365 
~H = 0.02663 
Drying bed Cross-Sectional Area = O.o887 m2. (or· 0,9553 ft 2) 
Rate of Evaporation - Theoretica! Maximum: 
min · · À H x G x C.S. Area x hoUr = Kg. Water/Hour · 
0.02663 x 14.9 ::c 0.0887 x 60 = 2.Ü Kg. ·water/Hour. 
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5.3.7.1. Results 
The results .obtained . at various temperatures and humidities are 
illustrated in Figure 5.20. 
5.3.7.2. Discussion and Conclusion 
The results obtained confirm that the rubber attains the dry 
bulb temperature of the ~ air throughout the drying cycle. In other 
words, it remains the same as the wet bulb temperature of the inlet air 
during the constant rate period, increases rapidly to the dry bulb 
temperature of the inlet air during the first part of the falling rate 
period and remains the same as that of the inlet air temperature during 
the final part of the falling rate period. 
5.3.8. Equilibrium moisture content and Incidence of mould growth. 
i 
In order to determine the equilibrium moisture content and the 
incidence of moul4 growth in Heveacrumb rubber•, the following trials 
were carried out. Dry samples of Heveacrumb WL and Heveacrumb CL rubbers 
were first equilibrated over activated alumina to obtain bone dry 
conditions. These samples were then weighed and placed in specially 
prepared desiccators containing various desiccants to give a definite 
percentage relativa humidity over the surroundings. All samples were 
wei~ed daily and their appear~es noted. 
The results obtained are summarised in Table 5.22. 
5.3.8.1. Conclusions 
The results indicate that the equilibrium moisture content 
of Heveacrumb WL varies from 0.174% to 1..36%, when they are equilibrated 
with lQ% RH to 90% RH respectively. The corresponding range for 
Heveacrumb CL is 0.238% to 1.752%. 
Although mould growth started on the 4th day at 8o% RH, all 
samples above 76% RH have shown severe mould growth only on. the 8th day. 
Samples equilibrated below 76% RH did not show any mould growth even 
after equilibrating for 21 days. 
I 2 7 
80 
t FIGURE 5·20 HEVEACR\.Jo4B W.L Ld • 70·1 
OU' G • 37. ~ 
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Effect of % Relative Humidity on Equilibrium Moisture content 




























EQUILIBRIUM MOISTURE CONTENT, 
% RELATIVE HUMIDI1Y 
10 33 52 76 
WL 0.174 0.240 0.369 0.582 
CL 0.238 0.261 0.418 0.711 
OBSERVATIONS ON MOULD GROWTH 
OBSERVATIONS ON MOULD GROWTH 
No Mould 




























Conbined Effect of External Variables on Total Dry.ing Time 
Heveacrurob WL 
TOTAL DRYING TIME FROM 40%_ TO DRYNESS HRS. 
VELOCITY D,B.T. LOADING DEPTII, CM 
M/MIN oe 5 8 15 23 28 :P 
12.2 120° 1.66 1.80 2.18 2.70 3.00 3.44 
18.3 120° 1.58 1.70 1.99 2.42 2.64 2.98 
30.S. 120° 1.52 1.60 1.81 2.12 2.3) 2.54 
45.7 120° 1.47 1.54 1.70 1.96 2.o8 2.28 
61.0 120° 1.44 1.50 1.64 1.86 1.96 2.14 
76 .2 120° 1.43 1.48 1.60 1.78 1.88 2.04 
12.2 100° 2.90 3.12 3.58 4.28 4.67 5.56 
18.3 100° 2.82 2.98 3.34 3.88 4.14 4.60 
30.5 100° 2.72 2.84 3.12 3.52 3-74 4.06 
45.7 100° 2.68 2.76 2.98 3.30 3.48 3.78 
61.0 100° 2.64 2.72 2.90 3.16 3.32 3.52 
76.2 100° 2.62 2.70 2.80 3.08 3.22 3.40 
12.2 80 5.57 5.85 6.51 7.47 8.01 8.79 
18.3 8o 5.45 5.67 6.17 6.93 7.37 7.97 
30.5 8o 5.31 5.49 5.87 6.43 6.73 7.19 
45.7 80 5.25 5.37 5.67 6.07 6.35 6.71 
61.0 8ö 5.21 5.31 5.57 5.93 6.13 6.43 
76.2 80 5.17 5.27 5.49 5.81 5.99 6.25 
12.2 60 11.85 12.29 13.29 14.77 15.61 16.81 
i8.3 60 11.65 11.99 12.79 13.97 14.61 15.55 
30.5 60 11.47 11.71 12.30 13.17 13.63 14.35 
45.7 6o 11.35 11.55 12.00 12.69 13.05 13.61 
61.0 6o 11.29 11.45 11.83 12.40 12.73 13.19 
76.2 60 11.23 11.29 11.73 12.23 12.48 12.91 
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5.3.9. Combined effect of the external variables on the total dryi.ng time. 
Based on the theory and the equations derived for expressing 
the effect of the external variables, such as temperature, air velocity 
and loading depth on both the constant and the falling rate periods, the 
combined effects have been correlated against the total drying time for 
Heveacrurob rubbers. The initial moisture content was taken as constant 
at 40% and this is in line wi th the actual values obtained under most 
conditions. The final moisture content in all cases was taken as "dryness". 
The drying time in the falling rata period has been taken as independent 
of the air velocity and the rate of loading. 
The results obtained are given in Table 5.23. A 'nomograph' 
based on the data is also produced (Figure 5.21) for quick reference and 
estimation of drying time of Heveacrurob rubbers under Vai)~ng drying 
conditions. 
5.3.10. Physical Properties of dry rubber 
The effect of drying conditions on the physical properties 
of dry rubber was also studied. When the rubbers were dried at different 
temperatures, the duration of drying was purposely varied from approximately 
one half to four times the estimated drying time in order to take into account 
both under drying and over-drying of rubber into consideration. The dry 
rubbers obtained from these trials were tested for their important raw 
rubber properties. In all cases control rubbers were obtained by coagulating 
a portion of the same latex, milling them into a conventional sheet and 
drying them in a hot chamber at 60°C ( 140°F) for comparison purposes. 
5.3.10.1. Results 
The results obtained for both Heveacrurob WL, Heveacrurob CL and 
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FIGURE 5.21 
A 'NOM:JGRAPH' FOR ESTIMATION OF DRYING TIME FOR 




Physical (Raw Rubber) Propertie~ 
HEVEACRUMB WL AND HEVEACRUMB CL 
AIR VELOCITY=30.5 M/MIN LOADING DEPTH = 10 cm 
TYPE OF DURAT- WALLAGE PLASTICITY 
RUBBER ION OF IOOONEY AFI'ER DRYING VISCOSITY AGEING % 
HRS. VR. NORMAL 30 MIN/ 
140°C 
RETENTIO N 
SHEET ?FIELD DRC) - 81 62 45 73 
SHEET 15% DIC) - 73 52 44 85 
HEVEACRUMB WL 0.5 63 42 36 86 
- do - 1.0 77 41 32 78 
- do - 2.0 26 16 12 75 
- do - 4.0 6 Sticky Sticky -
AIR VELOCITY = 30.5 M/MIN LOADING DEPTH = 10 cm 
SHEET (FIELD DOC) - 83 54 45 83 
SHEET (15 % DRC) - 66 45 44 98 
HEVEACRUMB WL 0.5 56 40 40 100 
-




2.0 69 45 39 87 
-
do - 4.0 75 53 37 70 
AIR VELOCITY = 30.5 M/MIN LOADING DEPTH = 10 cm 
SHEET (FIELD DRC) - 74 52 44 85 
SHEET ( 15 % DRC) - 62.5 41 40 98 












8.0 58.5 44 38 87 
D.B.T. = 6o0 c AIR VELOCITY = 30.5 M~MIN LOADING DEPTH = 10 cm 
SHEET (FIELD niC) 
-
74 52 44 85 
SHEET ( 15 % DR3) 
-
62.5 41 40 98 




8 57 36 37 103 
- do - 40 64 39 40 103 
-
do 
- 32 69 40 40 100 
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5.4.1.1. Results 
The results obtained are given in Tables 5.25 and 5.26. 
The actual evaporation rates during bath the constant and the 
falling rate periods have also been estimated. 
For comparison the average values obtained for drying 
Heveacrurob WL rubbers are also included in Tables 
5.25 and s.26. 
5.4.1.2. Discussion and Conclusions 
Heveacrumb SP and PA 8o rubbers are found to dry faster 
than normal Heveacrurob WL rubbers; almast half in most cases. 
The d.r.c. of coagulation does not have any significant 
effect on the drying times . 
Between Heveacrurob SP and Heveacrurob PA 8o rubbers, the 
l atter has better drying characteristics especially at temperatures 
below 100°C. The first critical moisture content of PA 8o rubbers 
liesin the region of 1% and this is in close agreement with the 
drying of normal PA 80 rubbers ( RRIM, 1963). This also 
indicates that most of the moisture present in the PA 8o crurobs is 





. ;.;.:. - . 
. .................. ~ -- ... -· 
Drying of Special Rt.Jbbers 
-
S.P. RUBBER 
AIR VELOCITY = 30.5 M/MIN DF;PTI! OF LOADING = 5 cm 
S. P. 20 ( HEVEACRUMB) 
D.R.C. . CONSTANT FALLING TOT AL 
D.B.T. OF I NITIAL RATE RATE DRYING 
oe COAGULAT- MOISTURE (UP TO 10%) DRYING TThiE 
ION % DRYING TIME TIME 
MIN. MIN, MIN. 
100 Field drc 34.0 13 76 89 
100 15% 34.3 14 75 89 
80 Field drc - 33.9 11 200 111 
I 80 15% 35 .9 11 200 111 
60 Field drc 34.1 17 353 380 
I 60 15% 34.3 18 )53 381 
TABLE 5.2.6 
Drying of P.A. Rubbers P.A. 8o 
AIR VELOCITY = 30.5 M/MIN LOADING DEPTil 5 cm 
P.A. 80 (HEVEACRUMB) 
D.R.C. CONSTANT FALLING TOT AL RATE RATE DRYING D.B.T. OF INITIAL (UP TO 1%) DRYING TIME COAGULAT- MOISTURE 
ION % DRYING TIME TIME MIN. MIN. MIN. 
100 Field drc 100.5 20 43 63 
100 15% 103.6 20 42 62 
8o Field drc 101.3 39 43 82 
8o 15% 96.5 30 51 81 
6o Field drc 97.3 64 81 145 






DESIGN. AND IEVELOI'ft!ENT OF miERS 
PILOT SCALE DRIER 
General 
As a step towards commercial implementation of the deep bed 
through-air circulation drying system for natura! rubber processing, 
studies on pilot scale were carried out in the Rubber Research 
Institute Experiment Station at Sungei Buloh, Selangor, Malaysia. 
6.1.2. Bas is of Des iB!! 
Based on the outcome of the research findings (Chapter 5) 
on drying of Heveacrumb, the following conditions were selected for 
pilot scale studies. 
(i) System of Drying 
Through-air circulation system has proved beyond any doubt, 
the possibility of drying particulate natural rubber within a short 
period c'ol around four hours and with no adverse effect on dry 
rubber properties . This satisfies the requirement of the particulate 
natura! rubber process, and enables the production to be completed, 
i.e. from reception of latex to final processing and baling, within a 
day. Therefore the through-air circulation system was selected for 
pilot scale development purposes. 
( ii) Drying Temperature 
Increasing the temperature during both the constant and the 
falling rate periods increases the rate of drying with consequent 
reduction in the tot al drying time. However increasing the 
temperature during the constant rate period increases the rate of 
heat input to the system and this would involve provision of high 
ca pa city heaters. During the falling ra te period, the rubber 
r------~ 
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attains the dry bulb temperature of the inlet air and temperatures 
above 120°C tend to adversely affëèt tne physical properties of the 
dry rubber (5.3.10.2.). 
Considering the above limitations and after allowing safety 
margin for practical applications, 100°C was selected as the optimum 
temperature for pilot scale trials . 
(iii) Depth of Loading 
At constant drying conditions, increasing the depth of 
loading increases the constant rate drying time and efficiency, while 
the falling rate drying time remains fairly constant. As the heat 
required during the falling rate period is mainly to compensate the 
heat l osses from the system, increased loading rate would decrease 
the cost of fuel (heat) per kilogram of dry rubber. However the 
limitation for increasing the depth of loading is mainly the increase 
in static pressure drop through the system. The latter influences the 
fan selecticn, fan power and air seal arrangements etc. The selection 
of loading depth is also governed by the required unit weight of the 
i ndividual block of dry rubber for standard packing purposes; the 
latter is standardised at 33.33 kilogram per bale of rubber. Based 
on these considerations a loading depth of 30.5 cm ( 12") (i.e. 
loading rate (Ld) = 70 Kg/m2) was selected for pilot scale evaluation. 
With the standard cross-sectional area of the final bale of rubber, 
the above selected depth would give half of the standard bale ,weight 
and~this becomes convenient to make use two blocks of rubber -t;; o form 
one bale.' 
_ ..... 
(iv) Air Velocity 
For a given depth of loading and drYing temperature the 
increase in air velocity through the bed would decrease the drying 
t. ~ - ,;. ~I • • ' ~ t{( I ,.,-:.f ~· ._., •J.. ' 
time during "the constant rate period, but increase the quantity .0~ 
. • -i ·; - ' . ..~,., • c.: •. "'~ -_.. ;.; .... ,..... j .' • . t ) !_ .... 1 
heat, ·as t~he coristant ra te drying e_fficiency is foup.d t.o decr~as~;."." 
with increM,e :i.~ a.ir velocity (5.3.6.2.). · . The drying rat~ (j!Jld _ 
' • - I ~- '~'..., 
time) during.i the' faÏling rate period ;is . a_lm~t ind~pel'}c;le!lt _ç~ a~r., __ 
velocity. 
'! -, :.; ,; '. ~) : 
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Selection of air velocity would also influence the fan capacity 
and power etc, Very high air veloei ties also tend to increase the heat 
losses through the system, 
The aim of selection should t herefore be to choose an optimum 
high air velocity during the constant rate and low velocity during the 
falling rate period; the latter should be sufficient to provide uniform 
heat distribution throughout the rubber bed, However, for pilot scale 
studies 30 m/min (100 ft/min) was selected for both the constant rate 
and the falling rate periods of drying. 
6.1,3. Summary of Selected Design Parameters 
The design parameters selected for pilot scale drier development 
for Heveacrurob rubber are summarised as follows: 
System of drying 
Temperate of drying 
Deep-bed through-air circulation system 
100°C 
Depth of loading 30.5 cm (12") 
(Equivalent loading rate (Ld) = 70 kg/m2) 
Air velocity 30 m/min (100 ft/min) 
(Equivalent air mass velocity (G) = 37,3 kg/hr/m2) 
6.1.4. Drier Construction Details 
The pilot scale drier (Figure 6.1) consisted of eight removable 
aluminium trays of 686 mm x 330 mm x 380 mm high (27" x 13" x 15") fitted 
with 3 mm dia perforated base plate (Figure 6,2) and a special air seal 
mechanism (Figure 6.3) made out of thin steel spring plate (material used 
for making venetian blinds). The drier frame and duet works were made 
of galvanieed iron plates coated with anti corrosive paints and with 
fibre glass insulation, Special insulite/insulplast prefabricated blocks 
were used on the drier floor with cement rendering on the top. The drier 
body and all duet work were insulated with glass fibre packing, 
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SECTION X-X 
FIGURE 6.1 PILOT SCALE DRIER 
t.DJULATING MOIDR 
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FIGURE 6. 2 PILOt SCALE • DRVING TRAY 
DRYING TRAY POSITION INSIDE 
THE DRIER 
PERFORAlED PLATE 
ANGLE FIXED TO 
THE DRYING TRAY 
FIGURE 6· 3 SPECIAL AIR SEAL ARRANGEMENT 
FOR PILOT SCALE DRIER 
DRIER BASE PLATE 
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A .38 cm (15") diameter truly reversible aerofoil f an with 
throttling dampers was used for centrolling the veloci ty and changing 
the d i rection of air flow in the s ystem.A 76 cm (30") d i ameter, oil 
f ired ( indi r ect) he at exch anger (type Woods 242 .8) was used to heat the 
circul a t i ng air. Automat i c i nle t and outlet dampers , using modulating 
motor, were used for centrolling the amount of air recirculation and 
the humidi ty of the drying air; a wet bulb thermometer was used for 
monitoring the % rel a ti ve humidi ty. Guide vanes were used to direct 
the circulating air and to improve the air distribution in the drier. 
A good slope and a drainage hole ( wi th water seal) were provided in 
the drier floor in order to remove the dripped serum rapidly. The 
capaci ty of the drier at 30.5 cm ( 12") loading depth was approximately 
13S kg. per batch. 
6.1.5. Drier Trial Details 
Heveacrurob WL/CL materials obtained from the normal crumbling 
process were loaded on to the removable tray to the desired depth and 
allowed to drip outside t he drier for a predetermined time - usually 
kept constant at half an hour. The drier was switched on and allowed 
to warm up to the required temperature. Dry and wet bulb temperature 
thermostat controllers were set for the selected conditions. The 
loaded trays after dripping were weighed before inserting them into 
the drier 1slots'. The fan dampers and vanes were ad j usted to their 
pre-callibrated posi tions to obtain the required air veloei ty through 
the bed of rubber. The actual air velocity through the rubber was 
checked and recorded by placing a vane anemometer close to t he rubber 
bed and re adi ng the ai r veloei ty from a remote control equipment. 
The condition of drying was w atched at re gul ar interva l s , through an 
observation window and the total drying time was asce rtained b y we ighing 
the experimental tray/trays wi th rubber at fifteen mi nutes i nterval 
until constant weight. Fuel and power meter readings were recorded at 
at. 
the beginning andÁ.the end of the trial. 
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6 . 1.6. Results 
The results obtained from pilot scale drying trials on 
Heveacrumb WL and CL rubbers are summarised in Tables 6.1(A) and 6.1(B); the 
trials wi th Heveacrumb rubber include the effect of change in direction of air 
flow through the bed and the percentage relative humidity of the circulating 
air. 
6.1.7. Discussion of Results atd Conclusions 
Provision for changes in the direction of air flow through the 
rubber bed and re-criculation of the drying air were incorporated in the 
pilot scale drier. Their effect on drying characteristics was studied. 
No obvious difference in drying time was obtained between 
upward and downward airflow conditions of drying. Ilowever the fuel 
consumption with downward airflow was found to be consistently lower 
than that with upward flow. This is mainly due to extended exudation 
of serum (water) experienced during the early stage of drying due to 
relaxation of mechanica! stresses imposed on rubber during the initial 
processing. This effect is commonly referred to as 'syneresis' (1.2.3.) 
With the help of a good slope at the bottorn of the drier and a drain 
pipe wi th adequate water se al, the dripped serum was removed as rapidly 
as possible. This facilitates removal of a part of the moisture content 
of rubber as 'water' leaving less water for evaporation and not as 
'water vapour' in a normal drying process. 
Therefore the exudation process is of great interest from a 
heat economy point of view as the serum {water) removed from the drier 
does not require the latent heat of evaporation. The saving in fuel 
is amounting to about 16% of the tot al fuel consumption wi th upward 
flow where the majority of the moisture is removed by evaporation and when 
the drying condi tions were set at DBT = 102°C WBT = 43°C, Ld = 73 and 
G = 34.7. Th is is substanti al and forms a very attracti ve proposi tion for 
commercial development of driers for natural rubber. 
The phenomenon of syneresis effect has also been experienced 
when drying sheet rubber. Machined sheets were found to exude further 



















TABLE 6.1 (A) 
PILOT S:ALE TRIAL DATA - IIEVEACRUMB W .L. 
INITIAL AVERAGE TOT AL AIR FLOW DRYII«:i TEMP. oe MOIS'ruRE AVERAGE DRYING 
,. ~ (dry) ~ R.H. TIME M/MIN G D.B.T. W.B.T. HRS. 
DIRECTION OF FLOW : UP 1llROUGH THE BED OF RUBBER 
28.34 34.66 43.3 102 44 5 4.00 
29.87 .36.53 41.6 103 50 8 4.25 
27.74 33.93 42.1 101 55 12 4.50 
28.34 34.66 43.0 102 62 16 4.75 
29.26 35.78 41.6 101 65 22 5.00 
31.70 3B.n 44.4 102 73 29 5.50 
DIRECTION OF FLOW : ~ THROUGH 1llE BED OF RUBBER 
32.92 40.2f> 42.8 103 43 4 4.00 
28.34 34.66 41.4 103 49 8 4.00 
JJ.45 37.27 43.2 101 55 12 4.50 
.}:).78 37.64 43.0 103 60 15 4.50 
29.26 35.78 44.0 102 64 20 5.00 




















TABLE 6.1 (B) 
PlLOT SCALE TRIAL DATA HEVEACRUMB C.L. 
HEVEACRUMB c. L. DIRECTION OF FLOW : DOWN THROUGH TIIE BED OF RUBBER 
AIR FLoW INITIAL AVERAGE · TOT AL CONSUMPTION TOT AL DRYING TEMPERAWRE °C DRYING 
D.R.C. Ld. MOIS'IURE AVERAGE TIME FUEL POWER 
Kg. M/MIN. G % (dry) D.B.T. W.B.T. % RH. HRS. LIT/Kg.drc KWH/Kg.drc 
114.0 62.93 31.7 :13.77 40.8o 99 62.8 20 s.so 0.058 0.0323 
116.2 64.14 31.2 :13.16 39.20 101 61.1 15 5.25 0.056 0.0328 
113.1 62.43 30.8 37.67 41.20 101 62.2 19 5.25 0.056 0.0311 ~ 
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The above benefici a! effect of syneresis was nat felt in the 
total drying time , as most of the time was consumed in the falling rate 
period, whi ch was nat influenced by the syner esis, ThP pilot scale 
operation, was also nat sens i t ive enough to piek up small differences 
(less than 15 minutes) in the tota l drying time. 
The total drying times of Heveacrurob WL and CL rubbers obtained 
in the pilot scale operation are found to fairly conform with those 
obtained from the experimental drier when drying the rubbers under 
similar conditions, as explained earlier (5.1.1.) only upward flow of 
air was used in the experimental drier. 
Increasing the percentage relative humidity of the circulating 
air, by recycling a portion of the air leaving the rubber bed, was found 
to increase the total drying time and slightly reduce the fuel (heat) 
consumption. The farmer is in conformity with the relationship obtained 
earlier in the experimental studies between the drying rate and the 
humidity gradient, 6. H, during bath the constant and falling rate 
periods (5.3.5.) and the latter may be explained as due to increased 
exudation of serum, in a humi d atmosphere, due to syneresis, However 
introducing a partial recirculation of air during the constant rate 
period would be desirabie in order to obtain the following advantages: 
reduction in total fuel (heat) requirements ; 
rapid heating of wet rubber (ie. high wet bulb temperature); 
possibility of using heaters with low heating capacity; 
possible increased de-humidification of the saturated 
air while passing through the excess depth of the 
rubber bed, the temperature of which is lower than that 
of the saturated air, resulting condensation of water 
due to cooling effect, This tendency is expected to be 
dependent on the temperature gradient between the wet 
bulb temperature of the saturated air and the 
temperature of the bed below the saturation point. 
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By separating the constant and the fall.ing rate period operations, 
it would be possible to introduce recirculation of air in the f alling 
rate period, without substantially increasing the percentage rela1:ive 
b\DIIidity of the drying air. This bas been taken into effect in 1:he 
design of the commercial drier (6.2.2.). 
6.2. COr.t.IERCIAL SCALE DRIER 
6.2.1. General 
The pilot scale drier at the Rubber Research Insti1:ute of 
Malaysia was used not only for e:xperi.mental purposes, but also for 
producing dry rubber for cons\DIIer evaluation. Approximately :J> tonnes 
of Heveacrumb rubbers were produced and dried using the pilot scale 
drier, before erection of a commercial scale drier at the RRIM 
Experiment Station. The commercial drier was developed at tbe RRIH 
mainly as an exhibit for development of the new process par1:icula1:e 
natura! rubber production in Malaysia. Tbis was designed by 1:he 
writer, based on the eperation of both the laboratory and the pilot 
scale driers. Some aspects of the construction, working details and 
performance of commercial driers have already been publisbed 
(SE'lliU, 1964, 1967, SETHU et.al. 1972a-). 
6. 2 .2. Design Criteria 
The design of the commercial drier was based mainly on 1:be 
performance of the pilot scale drierat RRIM Experiment Station (6.1). 
The s ummary of the selected drying conditions is as follows: 
System of drying 
Temperature of drying 
Depth of loading 
(Equivalent loading rate (Ld) 
Air velocity Constant rate 
Deep bed through-air circulation 
100°C 
30.5 cm (12") 
70 kg/sq.m.') 
30 m/min. (100 ft/min) 
(Equivalent air mass velocity (G) 
Falling rate 
~quivalent air mass velocity (G) 
Direction of air flow : Constant 
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37.3 kg/hr/•2) 
15 m/14in. (50 ft/14in.) 
= 18.6 kg/hr/m2) 
rate 
Falling rate 
: downward tbrough tbe rubber bed 
upward/downward througb tbe 
rmber bed 
% Relative hUIIIidity of ~ Constant rate 




The advantage of high air veloei ty, direction of air fiow and 
iJJCreased recirculation of air during tbe initial (constant rate)period 
and low air velocity and low % relative hUIIIidity of tbe circulating air 
during tbe final (falling rate) period, on tbe total drying time and 
fuel economy were fully utilised in the design of tbe co..ercial scale 
drier. 
6.2.3. Description and Construction of Drier 
The commercial drier, which has subsequently been called as 
"RRI - type Multistage Crumb Rubber Drier'', consisted of four 
independent stages combined in tbe manner sbown in Figure 6.4. to fonn 
a semi-contim.10us system. Two beaters, one for tbe first stage and the 
other for the second and third stages and four fans, one for each stage, 
were used. The rubber was loaded into the movable trolley (Figures 6.5), 
which was pusbed under the bood of each stage and sealed. Figure 6.6, 
which is self explanatory illustrates a cross sectional elevation of 
the :first stage. It consisted of a fixed bood, carrying heat exchanger 
and fan, and a movable trolley incorporated with rmber compartment, 
air plenum chamber and return duet. The air aeal between the fixed and 
the movable part is effected by a special water seal (Figure 6.7), 
consisting of sheet rubber extended from the bood frame to the gutter 
filled with water. 
The movable trolley was partitioried into compartments of 685 
cm x 330 cm cross section, which is the amended international standard 
bale si ze. The trolley width was restricted to twice the compartment 
width in order to make easy access for loading and unloading of rubber. 
Care was taken to use single aluminium sheets to cover all the sides of the 
trolley and thereby eliminating joints between the plenum chamber ·and the 
rubber compartment. The perforated aluminium sheet, which was used as. the 
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FIGURE 6.9 
RRI - TYPE MULTISTAGE CRUMB RUBBER DRIER 
- GENERAL VIEW 
1 5 5 
Sufficient slope was provided in the plenum chamber in order to remave 
the dri pped' sertiro (water} rapidly, and U-tube water seal' was provided · 
for drainage. The trolley was placed on wheels and moved through a 
guide channel provided on the floor. 
The hood was designed basically in a way convenient to support 
the heat exchanger, the fan and the ductings. The size of the return 
duet was kept to a minimum possible level and the rectangular bend used 
for this purpose carried the air inlet and outlet ducts and the turning 
vanes (Figure 6.8), which also acted as recirculation control dampers. 
The heat exchanger used was Airwoods 242B, which was commonly 
used for hot air drying tunnels for drying sheet rubber. It was anticipated 
that producers who intend building a deep bed drier would find it convenient 
to make use of the units used in their sheet drying tunnels, which would 
become obsolete when their factories change over to crurob rubber production. 
G.E.C. (Woods) aerofoil 15J and 19J fans were used for circulation 
of air. Both the movable trolley and the hood (together with the heater and 
the fan) were insulated with glass fibre and covered with thin aluminum foil. 
Temperature indicators and thermostat controllers were installed 
in all stages for maintaining correct drying temperatures. Static pressure 
drop measurements made across the fan were used as guidance for control 
of air velocity through the system. 
The capacity of each movable trolley with 20 partitioned compartments 
at 30.5 cm loading depth was approximately 330 Kg. 
The working drawings of the commercial drier and its details are 
included in Appendix 1. 
6.2.4. Operatien of the Drier 
In operation, the movable trolley after loading with wet rubber was 
wheeled down through. the guide gutter to the first stage of the multi-stage 
drier (Figure 6.9) and left there under circulation of hot air for the 
pre-determined time eg. one hour. In this stage the hot air was blown 
downwards through the rubber bed and the dripped serum was removed rapidly 





the prescribed time, the movable trolley was advanced one stage further, 
ie. to the sec.ond stage, where the exi.t air fran the third stage was 
blown upward through the rubber bed. At the end of the second stage 
drying cycle period, the trolley was moved further to the third stage 
where the hot air from the heater was blown downwards again through 
t he bed of rubber; this ·was dot~e mainly to make the construct ion of the 
duet work between the second and the third stages compact and minimum. 
The trolley was finally brought to the fourth stage, where no heating was 
provided. This was used mainly as a controlled cooling stage . The 
trolley with the 'dried rubber' was then wheeled out of the drying zone 
to the packing zone, where the blocks of dry rubberwere removed 
individually from the sides of the trolley for weighing, pressing and 
bal ing. 
The trolleys were then cleaned and returned for re-loading 
of wet rubber. 
6.2.5. Performance Of The Drier 
Based on initial trials, the frequency for movement of the 
trolley from one stage to the other was fixed as follows for the selected 




One hour and fifteen minutes 
This gave a total drying time of four and five hours respectively for 
WL and CL rubbers and these are in close conformity with the experimental 
and pilot scale trial findings. The average fuel consumption of the 











15.8 1itres Diescline per hour 
17.5 litres Diescline per hour 
rubber for Heveacrumb WL 
litres/kg. dry rubber for Heveacrumb CL. 
These are slightly better than those obtained in the pilot scale 
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The average electrical power consumption of the drier ~as in 
the region of 8 - 9 KWH (units) per hour ie. 27 x io-3 and 34 x i~3 KWH 
per kg. dry rubber for WL and CL rubbers respectively. 
In addition to t he exper iroental trials, t he RRI Multi-stage 
drier was used as a part of the commercial production unit of the 
Crt1l11b rubber processing plant at RRTIA Experiment Station. Approximately 
3000 t onnes of crJmb rubber wa& dried, before this unit was replaced by 
the RRIM-Type Chamber drier, as dealt with jn the next paragraph. 
6.3. FURTHER DEVELOPMENT ON THE COMMERCIAL SCALE DRIER 
6.3.1. General 
Further development on the commercial scale drier, described 
in the last paragraph (6.2), was carried out simultaneously by the RRIM 
and the drier manufacturers in Malaysia, the l atter made use of the 
commercial public and private sector crumb rubber producing factories in 
Malaysia for their development. However the basic s ystem and conditions 
of drying introduced by the writer were adopted fully in all cases. 
The several types of driers marketed in Malaysia varied only in their 
mechanical construction, handling, type and number of heating units, 
fans and so on ( SETHU et.al., 1972a). 
6.3.2. Development At RRIM 
Although the RRI Multi-stage Drier was satisfactory in many 
respects, the following drawbacks in construction and operatien were 
noticed during daily routine operation: 
difficulty in maintaining the water seal provided 
between the mobile trolley and the fixed hood, and 
this included accidental spillage of water into 
rubber compartmentJwater leaks from the gutter due 
to damage during transportation of trolleys and 
labeur/supervision involvement f or filling water 
and manipulating the position of the sheet rubber etc. 
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unavoidable heat losses from both the bood and 
the trolleys etc. 
- damage to the external insulation of the movable 
trolleys during transportation and cleaning etc. 
- difficulty in engaging the wheel of the 
movable trolley to the guide channel, laid on the 
floor for movement of the trolleys underneath the 
hoods etc. 
and limitation in the total output per hour of 
the drier. 
Further development of the multi-stage drier was therefore 
initiated to overcome the above 'drawbacks' and to introduce general 
improvements. A tunnel type drier was developed at the RRIM for this 
purpose and this bas subsequently been called as 'RR~ - Multistage 
Chamber Drier' • The basic design criteria and eperation of the chamber 
drier were exactly the same as those adopted for the Multi-Stage drier 
and the differences were only in mechanica! construction, arrangement 
and the capacity of the drier etc. These are summarised as follows: 
{i) Increase in the total number of stages from 
four to six. 
{ii) Construction of a single campartment (brick Chamber) 
to accommodate all the six stages. 
{iii) Provision of a close clearance between the movable 
trolley and the air inlet/outlet opening ducts of 
the chamber and thus avoiding any special air seals. 
(iv) Insulation of the chamber with fibre glass wool filled 
between the double wall construction and the roof by 
laying insulation material on top etc. No insulation 
was necessary for the movable trolleys. 
{v) Placing the movable trucks on rails, with necessary 
turntables for movement of trolleys in and out of 
the chamber drier. The trolleys were moving in a 
closed circuit with no necessity for transporting 
them out of the railing system at any time. 
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(vi} Initially two indirect heat exchangers, one combining 
the first two and the other combining the third and 
the fourth stages, were used; the last two stages had 
no heating facilitjes. However, this was subsequent ly 
been modified to tWO large direct-fired heaters, 
using diesoline fuel, serving the entire chamber. The 
inlet and exit air flow ductings of the heater were 
specially designed to maintain the required direction 
of air flow in all stages of the drier. 
(vii) Initially individual fans were incorporated for all 
stages but later modified to two large centrifugal 
fansserving the entire need of the chamber. 
(A to D) 
Figures 6.10 & 6.11/illustrate a schematic layout and details 
of the chamber drier respectively. 
The principal advantages of the chamber drier were found to 
be as follows: 
(i} The output was increased by 50%. 
(ii) Considerable reduction in the capital (construction) 
cost of the drier due to combination of the stages 
with consequent reduction in surface area, area of 
ductings and insulation requirements. 
(iii) Simplicity in the air sealing mechanisms. 
(iv) Improved maintenance of the movable trolley, 
and (v} Better heat and fan power utilisation. 
The time interval between movements of the trolleys from one 
stage to the other was fixed at a level equal to the total estimated 
drying time divided by the number of stages. For the six stage chamber 





The corresponding outputs per hour of the drier were 495 kg. 
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For Heveacrurob WL, the typical heat and fan power requirements 
of the chamber drier are as fellows: 
Fuel consumption : 0.0385 litres diesoline/kg. d.r.c. 
and this is equivalent to approximately 567 Cal/gm water removed from the rubber 
(1021 Btu/lb water) 
Fan Power 13 KWH (units) /Hour 
or 26 x 10-3KWH (units)/kg. d.r.c. 
The corresponding consumption for Heveacrurob CL are: 
0.0440 litres diesoline/kg. drc 
648 Cal/gm water removed (1167 Btu/lb water) 
13 KWH (units)/Hour 
33 x 10-3 KWH (units)/kg. drc. 
Thus the total heat input to the drier, including heat losses etc, 
per unit weight of water removed from Heveacrurob WL is even lower than that 
required for evaporation of the same quantity of water. ie. actual consumption 
of 567 Cal/gm water against 610 Cal/gm. water for evaporation and 700 Cal/gm 
water, when saturation of air is assumed throughout the drying period. This 
forms a very attractive proposition for adoption of the Multistage chamber 
drier using deep-bed through-air circulation system for drying of new process 
natura! rubber. Most other types of drying techniques used for other cammodities 
with great success may find it difficult to match with the low heat requirements 
of the above system, in addition to low capita! cost and simplicity in 
operatien and maintenance in a typical rubber processing factory in Malaysia. 
Ad hoc experiments and theoretica! vvaluations conducted by reputed manufacturers 
of various types of driers, eg. continuous apron, fluidised bed, microwave 
(and dielectric), vacumn and spray drying etc also came to the same conclusion 
and hence no work was carried out in these areas. 
The RRIM - Multistage chamber driers, either as they are or wi t h 
some minor modi fications, are at present commonly used by the Malaysian 
Rubber Producers for drying crurob rubber. 
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6.3.3. Development At Public/Private Sectors 
The development of commercial driers for drying crumb rubbers was 
ini tiated by the equipment manufacturers, mainly to meet the requirements 
of the ~jbber producing industry in ~alaysia. As stated earlier (6.3 .2.), 
the system and the condi tions of drying adopted were same as those used 
in the RRI Multistage drier. The variatien between the different types of 
driers was mainly in their mechanica! construction, handling etc. 
The various types of driers used in Malaysia can be grouped and 




Multi -stage and chamber driers, using movable 
trolleys 
Box driers using either semi-continuous or 
continuous movement of boxes within a chamber. 
Both single and multi layer arrangements. 
Apron driers with continuous movement~ 
Schematic layouts of Group 2 and Group 3 driers are shown in 
Figures 6,12 to 6.14. 
Either single or multiple units of indirect fired heat exchangers 
or direct fired heaters using diesoline fuel are used. 
The operation details of these driers are summarised as follows: 
t.\ne 
Group 1 The operation details are exactly 1same as those given for 
RRI- Type Multistage Crumb Rubber Drier (6.2.4.). 
Group 2 The individual boxes, usually placed and transported on 
rails, are filled with wet rubber to the required depth and hooked onto 
the endless chain drive mechanism. Either contim.10us or semi-continuous 
movement of the chain drive advances t he boxes through the drier chamber and 
out. Provision for bleeding of the saturated air from the wet end of the 
drier and rapid renK>Val of the dripped serum (water) etc. are incorporated. 
The dry rubber blocks are removed either manually or by using a hydraulic 
ejector, before cleaning and returning the boxes for re-loading. (Figs. 6.12 & 6.13 
Group 3 The wet rubber crumbs are blown, using a pneum'atic pump, 
into the wet end of the drier and distributed onto the apron by using 
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moves continuously endless along wi th the rubber through the drier. The 
dried rubber is taken out of the apron at the dry end, before the apron returns 
to the wet end for reloading. (Figure 6.14). 
The performances of these driers (Groups 1 to 3) are satisfactory 
although there are differences in output, capital and running costs, labour 
requirements and occupation of factory surface area between them (SE'IHU 
et al., 1972a). A general comparison of these driers is given in Figure 6.15 
and summarised in Table 6.2. 
In addition to basic design and type of construction the performances 
of these driers are found to be dependent on the upkeep and maintenance of 
the drier and rubber containers. Similar driers in two different factorles 
are found to give entirely different performances eg. Output rate of one 
drier is almost half the other wi th corresponding increase in fuel consumption 
maintenance cost and other factors. These differences are traeed to lack of 
maintenance of drier, unsatisfactory cleaning of perforated base plates, 
excessive air leaks and insufficient heating etc. A guide for maintenance 
requirment of the driers is, therefore, issued (SETHU et. al. 1972b). 
Normally the selection of the type of drier by the rubber producers 
is based on the hourly output of their crurob rubber factories. These are 
summarised as follows: 
For outputs up to 500 kg. d.r.c. per hour : Single-layer 
continuous movement box type driers (Trade Name : UNIDRIERS) 
Above 500 kg. drc per hour : Chamber drier (RRIM-Type, GEC, 
H & C, Weng Yuen, Ireson etc.) or semi-continuous movement 
multi-layer box type driers (Trade Narnes : KUMPULAN GU'IHRlE, 
SPHERE, IRESON, BUMI GARtlDA AND PER{UMPULAN ENGG. etc.) 
Apron driers are not preferred because of their very high capita! 
and running costs. 
IN 
~ 
FIGURE 6.14 PROMOCI APRON DRIER 
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Table 6.2 
Comparison of Driers 
Drier type Area Capital Fuel Labour 
Chamber Average Average Lowest Average 
Continuous Apron Average Highest Highest Lowest 
Semi-continuous) Lowest Lowest Average Average Multilayer tray) 
Continuous Single) Highest Average Average Highest layer tray ) 
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At present there are 151 driers in eperation which are drying 
541,678 tonnes natura! rubber in crumb fonn per annum. The breakdown 
numbers of the varous types of the driers are given in Table 6.3. 
TABIE 6.3 
Types of Deep-bed Through-air Circulation Driers 
in use in Malays ia 
ESTIMATED 
NO. OF TOTAL ANNUAL 
GROUP TRADE/COMMON DRIERS CAPACITY 
REF. NAME IN USE TONNES 
1 RRIM-Chamber j . Other Chamber 73 296,228 ... 
2 Unidrier 27 
2 KGSB Drier 32 
2 Sphere Drier 4 224,829 
2 Other box driers 11 
3 Promoei & others 4 20,621 
TOT AL 151 541,678 
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NOMENCUTURE 
PI'Qportionali ty constant 
Field Coagula (cup lump) materi al 
Dry rubber content 
Effective partiele diameter, ft 
Dry bulb temperature, °C 
Activation energy of diffusion, 
Cal./w.n. mole 
Base of natural logari thm 
Air mass veloei ty, Kg (dry) /m2. min 
Hurnidity, Kg. water/Kg dry air 
Saturation Hurnidi ty, corresponding to 
the wet bulb temperature of hot inlet 
air, Kg.water/Kg. dry air 
Atmospheric hurnidi ty of inlet air, 
Kg.water/Kg. dry air 
Rate of dry rubber loading, Kg/m2 of 
drying area. 
= Static pressure drop, rnm water 
Gas constant 
Relative Hurnidity 
Absolute temperature °K 
Wet bulb ternperature °C 
Whole field latex (undiluted) 
Drying rate during constant rate period, 
Kg.water/Kg. dry rubber.h 
Drying time, h. 
Hmnidi ty gradient 
'· 
·, 
. ~· ' 
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APPENDIX 1 
Detailed Working Drawings Of 
RRI - Type Multistage Crumb Rubber Drier 
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